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PREFACE 

tfsjj^ The types described in the following pages have been selected 
^ as fairiy representing, in so far as they can be represented in 
^. a book of this size, the vegetable and animal worlds. It is 
possible that a better selection might be made, but not one, 
I think, of which the examples can be more conveniently 
procured, cultivated, and examined, whilst retaining their 
capability of teaching so much. The subjects dealt with cover 
most elementary biological courses, but apparently do not 
exactly fit any This, perhaps, is not a disadvantage. 

A few words of explanation as to two of the examples may 

not be out of place. Although it has been said that Chara is 

1 "typical only of itself," it seems a pity to exclude it from a 

^ general scheme of representative forms when it is remembered 

^^^ with what facility it lends itself to examination, how much can 

^ be learnt from it, and to what an extent modem botany is 

4f indebted to careful study of the CharaccK. It might almost 

^ be said that what the frog has been to the zoologist, the 

Characese have been to the botanist. The selection of a 

single example of the flowering plant is, I am aware, opposed 

to common practice ; but where the object is to teach, not 

merely the form and structure of all possible organs, but 

structure and function, and the correlation of the one with the 

other, the reason for the study of one example, and that one 

Lamium, will be evident He will know a good deal of 

botany -who knows Chara and Lamium thoroughly. 

It appears to be a bold matter to recommend the student 
to commence the study of Biology with the simplest forms. 
It is said that he should proceed from the known to the 
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vi Preface 

unknown, and should therefore commence the study of the 
vegetable side of the science with the flowering plants, and 
the animal side with the vertebrates. Setting aside the un- 
doubted fact that the flowering plant is, to the beginner, as 
unknown botanically as yeast, and the frog, zoologically, as 
amoeba, it is also a correct principle that the beginner should 
proceed from the simple to the complex, and that course is 
followed here. It is true that the simplest forms are also 
among the smallest, and beginning at this end necessitates 
some facility in the use of the microscope. The biologist 
must, however, like any other workman, commence by learning 
the use of his tools. 

Many of the illustrations are new and have been drawn 
for this book. I desire to express my great obligation to those 
publishers and authors who have allowed me to use figures 
from their works. In all cases the source of a figure is stated 
in its inscription, and a list of these works, with others, will 
be found at the end of the introductory chapter. 

J. B. 

Gateshead-on-Tyne, 
Ncvintber^ 1892. 
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INTRODUCTION. 

To obtain a complete knowledge of the habits, forms, and 
internal structure of plants and animals, a threefold examination 
is necessary ; first, with the naked eye ; secondly, by the aid of 
some form of dissecting microscope magnifying a few diameters ; 
thirdly, with a compound microscope magnifying from about 
fifty up to several hundred diameters. 

The living organism, whether plant or animal, must be 
studied in its natural home. Specimens must also be kept at 
hand under as natural conditions as possible, and closely and 
continuously observed, but this alone will not be sufficient. 
Observation in the field must check observation in the 
laboratory, or faulty views will be formed and wrong con- 
clusions arrived at In the case of the smaller organisms 
which are inhabitants of water, amongst a host of observations 
to be carefully recorded, it must be noted whether they live 
solitarily or in numbers, whether they inhabit the depths or the 
surface, whether they love the light or shrink from it The 
temperature and hardness of the water, and the force or 
absence of current, are also important points ; and just as 
important is it to note the shape and size of the apparently 
shapeless masses, the floating scums, or the matted growths 
wUch they make. They, as well as the larger forms, must be 
sought for at all seasons of the year, for there are frequently 
wide diflferences between their forms and habits in winter and 
in summer, differences which do not appear in laboratory-kept 
specimens. Even those which apparently die away in winter 
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2 Practical Elementary Biology 

necessarily leave some representative which retains vitality 
enough to reproduce the species in spring. 

Observation in the field of the larger plants and animals 
must be as close and continuous as that of the smaller. In 
studying the larger plants, attention must be paid to the soil^ 
whether hard or soft, wet or dry, cultivated or uncultivated; 
whether the situation be exposed or sheltered; the time of 
first appearance, flowering, and setting of the seed; the 
methods of fertilization and distribution of the seed ; and a 
multitude of other things. In the case of the larger animals, 
their methods of taking and ingesting their food ; the manner 
of their locomotion ; the nature of their habitat ; the method 
of fertilization ; the care of their eggs and young, are only a 
few of the things to be studied. 

It is indeed of the first importance that field work should 
precede and accompany laboratory work. The completest 
knowledge of structure can never compensate for the absence 
of that living acquaintance with the plant or animal under 
natural conditions which is to be got only in the field, and 
which, by enabling us to correlate its structure with its habits, 
completes our knowledge of it and solves many a problem 
which details of structure set before us. 

The specimens which are kept in or near the laboratory 
should be under as natural conditions as possible. For water 
plants and animals inverted wide-mouthed bell-jars, such as are 
commonly used for covering delicate plants, form sufficient 
aquaria. About an inch of silver sand mixed with a little 
well-washed field soil should be placed at the bottom, and if 
possible some of the water in which it lives should be removed 
with the organism and placed in the jar. As the water 
evaporates, it will be sufficient to fill up with distilled water if 
plants and animals are kept in the same aquarium. As a rule, 
the aquarium should stand in a window, but the amount of 
light entering it can be controlled by pasting translucent or 
even opaque paper on parts of it. Here the smaller plants 
and animals may be kept under close observation for a 
practically unlimited period, with the additional advantage 
that material for dissection is always available. 
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The larger plants should also be kept growing close at 
hand, in their native soil if possible, if not, in as close an 
imitation of it as can be made. It is obviously more difficult 
to keep the larger animals under natural conditions. 

When specimens are taken for keeping alive, a few in 
various stages of development should be placed in a pre- 
serving fluid of some kind. The most common, and, on the 
whole, the best for the larger organisms, is alcohol. Methylated 
spirit, in wide-mouthed stoppered bottles, will do very well, care 
being taken to use a relatively large amount of the spirit. 
Characese and algae should first be placed in a concentrated 
solution of picric acid and then into spirit. The smallest 
organisms should be mounted as permanent microscopical 
preparations. 

The examination into the structure of the individual should 
be commenced with the aid of a magnifying-glass of some 
kind. For very simple work a watchmaker's eye-glass, costing 
a few pence, is not to be despised. If the student cannot 
hold it in his eye, he should bore two holes through the horn 
tube with a hot wire and fasten on a piece of elastic long 
enough to go round his head and keep the glass in position 
in front of one eye. The advantage of this is that both hands 
are left free, and the object may be held up in various positions 
to be ejcamined. Small tripod doublets are sold for a few 
shillings. They may be got magnifying four or five diameters, 
and giving a working distance beneath them of an inch or 
more, but they can of course be used only on a table or other 
support. For the beginner, this is good enough ; but he will 
not have advanced fkr before he will feel the necessity for a 
better instrument for dissections. 

A dissecting microscope should stand steadily on a broad 
base, it should have a large glass stage, slightly hollowed in 
the middle, for supporting the object during dissection in water, 
or other liquid, if necessary, a mirror for reflecting light up 
through the stage, and lenses magnifying from ten to thirty 
diameters, or even more. A rack-and-pinion movement must 
be supplied to bring the object into focus, and the instrument 
should have arm-rests for supporting the hands whilst working. 
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The catalogues of most dealers describe dissecting microscopes 
fulfilling these conditions with the exception of arm-rests, a 
curious omission^ seeing bow universally their use is recognized. 

Additional apparatus necessary for dissecting plants and 
animals are — 

Two or three scalpels, one of which should be rather blunt 
for scraping. 

Needles of various sizes mounted in wooden handles. One 
or two should be rubbed down on a hone to fiat sharp points. 

Small scissors, one with straight and one with curved 
points. 

A pair of forceps with fine points, and a larger pair for 
handling larger objects. 

A few small brushes, some stiff and some soft. 

Watch-glasses which will stand steadily, and small white 
porcelain pots with lids. 

A blow-pipe of glass or metal, and a seeker. 

Dipping tubes of glass drawn to a point at one end. Over 
the other should be drawn a rubber nipple without a hole at 
its free end. These can be obtained from any chemist To 
use the tube squeeze the nipple and place the point of the 
tube in the liquid close to the small object it is intended to 
remove. Then release the rubber, and the object will be 
sucked into the tube. 

A dissecting dish of white earthenware or glass, not less 
than 8 ins. X 6 ins. X 3 ins. in size. This will be used 
mainly for animals. Into the bottom should be run half an 
inch of melted paraffin weighted with a few pieces of lead to 
hold it down, or a sheet of cork, or even a piece of soft deal 
with sheet-lead nailed to its under surface, will serve. Into 
this pins may be thrust, and by this means the subject of 
dissection may be firmly fixed underneath the water. 

A much smaller dish for smaller objects is also very 
desirable. 

Fresh material will, as a rule, be used for dissection, and a 
few fresh specimens of each animal must be dissected. But 
for many purposes animals which have lain in alcohol some 
days are to be preferred. The alcohol dehydrates the tissues. 
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and thus hardens them. The dissection of an animal is 
accomplished by removing the connective tissue which holds 
the organs together. In the fresh state this is transparent, and 
in many cases difficult to see ; but when dehydrated by alcohol 
it is readily seen. 

In dissecting animals the water will soon become dis- 
coloured and clouded. When this is the case, it must be 
immediately changed. Local cloudiness during dissection 
may be dissipated by directing a gentle stream of water on 
the spot with the pipette already described. 

The pins used should be long enough for their heads to 
project from the water, but not so long as to be in the way. 
It is best to insert them obliquely with their heads turned from 
the subject. 

Besides exhaustive dissections of plants and animals, the 
relations of parts to each other should be studied in sections, 
both longitudinal and transverse, of the whole organism. The 
tissues of plants are usually firm enough to allow good sections 
to be obtained ; those which are not may be hardened in 
alcohol. For such sections animals should be kept in a quarter 
per cent, solution of chromic acid for some days. This will 
harden them so that their softest parts will bear a clean cut. 

The student must not expect that one or a few specimens 
of each type will be sufficient for him to acquire a good know- 
ledge of its structure. He will certainly make some mistakes, 
and each mistake will involve the spoiling of material. 

Everything exposed by dissection should be drawn. 
Elaborate shaded drawings are not necessary, but simple 
outline sketches should be made; and a great number of 
simple drawings, each showing a it'N details, are far better 
than a few crowded ones. The making of such drawings 
serves two purposes. In the first place, they help to fix the 
facts in the mind, in the second place a glance at the drawing 
will at any time be almost equivalent to a new dissection. 

No one can hope to intelligently use a modern compound 
microscope without some knowledge of its principle. There- 
fore, before proceeding to the description, methods of manipu- 
lation, and of preparing objects for the microscope, it is thought 
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IfCst to give here a short and simple explanation of its principle. 
For a complete explanation the student is referred to works on 
general optics and on the microscope. 

The light by which we see a non-luminous object is the 
light reflected from it or transmitted through it We can also 
distinguish the outline of an opaque object by reason of the 
absence of that light which it cannot transmit. In passing 
through transparent objects some light is always absorbed. 
Such an object is visible in direct light because it transmits 
less light than the more perfectly transparent media beside it 

In passing through homogeneous media rays of light follow 
straight lines ; but when they pass from one body to another 
of different density they usually no longer follow straight lines, 
but are refracted, or bent aside. 

A lens is an instrument for refracting rays of light in a 
certain definite manner. The following description is con- 
fined to glass lenses which are thicker in the middle than at 
the margins, and whose surfaces are segments of spheres. 

Thus let B E (Fig. i) represent a section of a double- 



convex lens, C and F centres of the spheres of which its 
convex surfaces are segments, and C D and F B radii of the 
spheres. Then any ray of light, L B, which meets the lens at 
B, is bent towards the radius F B in the lens, and away from 
the radius C D on leaving the lens, and is therefore refracted 
twice in the same direction. All (he other parallel rays which 
meet the lens, with the exception of M N, which courses along 
the radii C A, N F, are bent towards each other, and all meet 
ia the centre F, which is called the principal focus of the lens. 
F will be a very bright spot of light. 
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Conversely, if a bright source of light be placed at F, the 
rays which spread from it, and meet the lens, will emeige as 
parallel rays. 

Now, if the source of light be at L (Fig. 2), outside the 



principal focus, but not at a very great distance, it can be 
shown that they will be concentrated on the other side of the 
lens at I, which is also beyond the principal focus. 

But if the source of light be at L (Fig. 3), inside the 



principal focus, then, on emerging from the lens, the rays will 
be divergent They, therefore, do not meet at all on that side. 
The eye, however, refers an object to the place whence the 
rays of light from it appear to come. If these divergent rays 
be received in the eye, they appear to proceed from /, and 
at /, therefore, the spot of light appears to be. /is not a 
real but a virtual focus. 

Now, appljring these principles to the images of objects 
of definite size, we see that if A B (Fig. 4) be an object a 
short distance outside the principal focus of a lens, the rays 
of light fiwrn the extremity A, after refraction by the lens, 
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intersect at a, and, therefore, the image of the point A is at ir. 
Also the image of the point B is at b, and the images of all 
points between A and B must be between a and b. The 



image of the whole object A B is therefore a b. It b a 
real image, inverted, however, and in this case smaller than 
the object. 

\i a b were the object, A B would be the image, and in 
that case the image would be larger than the object 

But if the object be placed inside the principal focus, as 
in Fig. s, then the rays of light from A, after refraction, will be 



divergent. They may, however, be received in the eye, and 
then they appear to proceed from a. Also the rays of light 
from B are divergent, and appear to come from b. And all the 
rays of light from every point of the object between A and 
B appear to come from points between a and 5. The image 
of A B is fonned, therefore, at a b. It is a virtual imt^e, erect, 
and larger than the object 
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It follows, therefore, that in order that a simple leos may 
be used as a magnifier, it must be placed at 3 shorter distance 
from the object than its own principal focal distance. 

But a lens may magnify an image as well as an object. 
Thus (Fig. 6) M is a lens of short focus, A B an object just 



outside its principal focus. Ad image of A B is formed at 
b a. This is a magnified but inverted image. If now another 
lens, N, be placed so that the image ^ n is within its principal 
focus, the image b a \% magnified still more, and appears at 
^ o* in the manner already described. The object, therefore, 
is magnified twice, and this is the principle of the compound 
microscope. The lens M, being near the object, is called the 
objective, N, being near the eye, is the eye-piece. 

In the compound microscope, objective and eye-piece are 
each built up of several lenses, both to increase the magni- 
fying power and to compensate for certain grave errors which 
a compound microscope of such simple couscruction as this 
always gives rise to. 

It should be especially noted that the object must be 
distant from the objective rather further than its principal 
focal distance, that eye-piece and objective must be on the 
same axis, and such a distance apart that the image formed by 
the objective comes within the principal focus of the eyepiece, 
and that the eye must be placed near the eye-piece, in order 
to receive the divergent rays issuing from it. 

The maker of the microscope places eye-piece and objective 
on the same axis, or should do so, and at the right distance 
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apart, and 'provides a movable arrangement by which the 
objective may be brought to the proper distance from the 
object. The eye-piece merely magnifies an image already 
formed by the objective. Any defect in the latter is therefore 
magnified by the former according to its magnifying power, 
and movements are magnified in the same way. It is of prime 
importance, therefore, to have good objectives as well as good 
eye-pieces. Indeed, good glasses and a steady stand are the 
first things to look for in a microscope. 

It has already been pointed out that we see an object by 
the light which comes from it When, therefore, an object is 
magnified, the light coming from it is necessarily decreased in 
intensity. Thus, supposing that an object whose surface is one 
square millimetre is magnified so that its image occupies a 
space of one thousand square millimetres ; since the image is 
formed by light from the object, this amount of light is now 
spread over a surface one thousand times as great as before, 
and, therefore, the light proceeding from every square millimetre 
of the image is only one thousandth of that arising from the 
object Thus, it is impossible to greatly magnify a small 
object illuminated only in the ordinary manner, for the image 
might be so faint as to be scarcely able to excite the eye. 
Special means for concentrating light upon the object to 
be examined are therefore necessary for every compound 
microscope. 

A transparent object which absorbs very little light requires 
much less illumination than a more opaque object Too 
bright a light is also bad for the eyes. It is a safe rule to 
control the degree of illumination of the object in such a 
manner that the image shall not be much brighter than objects 
outside the microscope. 

To control the amount of light falling on the object, as well 
as to cut off the rays which would otherwise pass through the 
margin of the lens, and distort the image, diaphragms are 
provided. Two forms are in general use. One consists of a 
metal plate with different sized holes in it Any one of these 
can be brought in action by turning the plate around The 
other is an arrangement by which a central hole can be 
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increased or diminished so as to let in or shut out light by the 
movement of a lever. The latter, called the iris diaphragm, is 
by far the better. 

Summing up what has been said, the requirements of a 
good microscope are — 

{a) A firm and steady stand to carry the magnifying, 
illuminating, and accessory apparatus. 

{b) Objectives and eye-pieces of different magnifying power. 
These must be of good quality, and roust stand the following 
tests. The field must be flat, that is, when an object is in 
focus in any part of the field it must remain in focus if 
removed to any other part of the field. They must be achro- 
matic, that is, there must be no coloured fringes along the edge 
of an image. The image formed by them must be clear and 
distinct in all its parts, not hazy and indistinct. Without 
good glasses, the best stands and accessory apparatus are 
useless. 

{c) A stage to support the object to be examined. 

{d) An efficient illuminating apparatus. This may consist 
of a mirror alone, which should have one plane and one 
concave side. The addition of a condensing apparatus to 
receive the light reflected from the mirror, and condense it on 
the object, will, however, greatly increase the efficiency of the 
instrument. 

{e) An arrangement for raising or lowering the tube carry- 
ing the glasses so as to bring the object into focus. In the 
cheaper microscopes this is accomplished by sliding the tube 
inside a wide collar. For a slight additional expense, it is 
fitted with a rack and pinion for coarse adjustment to focus, 
and this is far preferable to the sliding arrangement A fine 
adjustment is always provided. The coarse adjustment should 
work without backlash, that is to say, the smallest turn of the 
pinion should move the tube. The fine adjustment must work 
slowly and steadily. 

(/) A good diaphragm, preferably of the iris form. 

The best way of showing how these requirements are met 
is to describe a microscope which is suitable for the work of 
the student. There are many such in the market, both by 
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English and by foreign makers. The instrument figured on 
page 12 is one of the best of this class.i 

The foot is of the continental horseshoe form, one which 
gives great stability whilst occupying a comparatively small 
space. From this rises a stout pillar which carries the rest of 
the instrument jointed upon it The student will, as a rule, 
work with his microscope in the vertical position, and he must 
do so when he is using reagents on the stage; but it is a con- 
venience to be able to incline it The mirror is plane on one 
side, concave on the other, and is so mounted on a swinging 
arm that it can be placed in almost any position within the 
length of the arm. This allows of the most oblique illumina- 
tion of the object being used. 

Above the mirror is a sub-stage for carrying the condenser 
and diaphragm. It is possible to do good work, as good 
work has been done, without a condenser. If the student 
commences without it, he should look forward to possessing 
one some day, and his instrument should be provided with a 
sub-stage to carry it. The sub-stage is raised or lowered by a 
rack-and-pinion movement, and is mounted on a pivot, so that 
it can at any time be .turned aside when direct light from the 
mirror is desired. 

Above the sub-stage is the stage for carrying the object to 
be examined. This is provided with clips for holding the 
glass slip on which the object is mounted. More expensive 
microscopes frequently have elaborate mechanical coAtrivances 
for moving about the slip so as to bring different portions of it 
into the line of sight This is, however, not necessary for the 
student who can use his fingers for this purpose. 

The tube is of the continental length, about six inches, 
but is fitted with a draw-tube divided into centimetres, which, 
when it is out to its full extent, makes the length of the body 
about ten inches. The continental length is most desirable, 
because the instrument is not so long as to cause difficulty in 
using it in the vertical position. 

It is moved by a spiral rack and pinion, which effectually 

* This is the Edinbui^h Student's Microscope, Stand C, made and 
sold by Messrs. Watson and Sons, 313, High Holborn, London. 
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prevents jerky movements. The fine adjustment, which is 
made by turning the milled-head screw at the back, is pro- 
bably the best in existence. One revolution of the screw 
raises or lowers the body ^^ of an inch, and it is sensitive 
to the yj^ part of a revolution. The movement is very slow, 
steady, and smooth. 

The lenses supplied with such an instrument are usually 
the B and C eye-pieces of English makers, and the one-inch 
and one-sixth of an inch objectives, the latter in either case 
the higher power. When the draw-tube of this instrument is 
closed, the one-inch objective with the B eye-piece gives a 
magnifying power of forty-three diameters, the one-sixth ob- 
jective with the C eye-piece, under the same conditions, 
magnifies 336 diameters. With the draw-tube out, the magni- 
fication is greater, but with most microscopes what is gained 
in size in this way is lost in clear definition. 

For the measurement of objects, an eye-piece micrometer 
must be obtained. This is a circular piece of glass with 
divisions engraved upon it, which drops into the eye-piece in 
such a position that its scale is projected upon the image, and 
can thus be directly compared with it First, however, the 
value of its divisions with any combination of objective and 
eye-piece and length of tube, must be determined by com- 
paring it with the scale engraved on a stage micrometer 
divided preferably in tenths and hundredths of a millimetre. 
Suppose, now, that with any combination of glasses, four 
divisions of the eye-piece micrometer coincide with one 
division of the image of the stage micrometer, then, under 
like conditions, four divisions of the eye-piece micrometer will 
always cover the image of an object which is actually y^ of 
a. millimetre in length, and consequently one division of the 
eye-piece micrometer will coincide with the image of an object 
5^ of a millimetre in length. The value of the eye-piece 
scale is determined once for all for the combination, and 
objects can ever after be measured by it The unit of 
microscopic measurement is -nj^oir of a millimetre, and is 
usually written ft. It is equal to yy^^nr of an inch neaily, and 
is called a micromillimetre. 
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Although the student should diligently practise rapid free- 
hand outline sketching of objects under the microscope until 
he has acquired considerable power, an apparatus for drawing 
to scale is almost a necessity. There are many forms of 
camera lucida used for this purpose. All of them project the 
image on a piece of paper, at the same time allowing the 
point of a pencil to be seen whilst tracing over the image. Of 
such apparatus, Abbe's is perhaps the best Beale's neutral- 
tinted reflector is cheap, and is fairly satis&ctory to the 
student 

A very desirable piece of apparatus is a nose-piece for 
rapidly changing the objectives. Provided with a nose-piece, 
the lower-power objective can be used as a finder, then the 
higher power can be turned into the line of sight, and quickly 
racked down into focus. 

To acquire facility in using the microscope, two or three 
prepared slides of transparent objects should be used. Place 
the instrument where the mirror is exposed to diffuse sunlight, 
or at night to a lamp giving a steady bright light, and provided 
with a shade such that although its direct light may reach the 
mirror, it is cut off from the eyes. Turn on the low power^ 
look down the tube, and move the mirror until the field 
appears bright Then place the slide on the stage so that the 
object is as nearly as possible over the centre of the hole in 
the stage, and rack the tube up and down until the object 
comes into view. Complete the focussing with the fine 
adjustment If any portion of the object requires examina- 
tion with a higher power, move it into the centre of the field, 
turn on the higher power, and rack down the objective into 
focus. 

The greatest care must be taken that the objectives are not 
racked down to touch the slide. If this is done, there is risk 
of ruining slide or objective, or both. At the first time of 
using, close notice should be taken of the working distances 
of the objectives, so that mistakes may not be made in future. 

With the object in focus, move the fine adjustment to get 
views of both surfaces of the object, and optical sections, as 
they are called, of its interior. Try the effect of altering the 
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direction of the light, of racking the condenser up and down, 
of increasing and diminishing the amount of light which 
reaches the object through the diaphragm, and of increasing 
the length of the tube. Only by such experiments can the 
student learn the possible performance of his microscope. He 
should train himself to use either eye indifferently, and to keep 
both eyes open whilst using the microscope. 

Objects to be examined by the compound microscope 
must necessarily be very small, and, if they are to be viewed 
by transmitted light, very thin. All bodies are transparent 
when in sufficiently thin plates. 

The small objectsi must be mounted on slips of glass, in 
almost all cases in a drop of liquid, which will vary with the 
object, and covered with thin plates of glass called cover- 
glasses. Glass slips with smooth edges, and round or square 
cover-glasses, are sold by all dealers. No. 2 square cover- 
glasses, three-quarters of an inch square, will be best for the 
student. To mount the microscopic plant or animal in its 
living state, a drop of water should be placed as nearly as 
possible in the middle of the slip, the object placed in it, and 
the cover-glass let down obliquely upon it Any surplus water 
can be taken up by applying a piece of blotting-paper to the 
edge of the cover-glass. Actively motile organisms should be 
SQ mounted that the cover-glass can not press upon them. 
This may be accomplished by using an excavated slip, that is 
a glass slip which has had a cavity ground out in it, or by 
placing something between the slip and cover-glass to take the 
pressure. A piece of glass-fibre, weed, cotton-wool, or anything 
of that kind, will serve. 

An examination into the minute structure of the tissues of 
the larger animals and plants by means of the compound 
microscope necessitates preliminary preparations of the tissues. 
The tissue elements, which are almost always microscopic, 
may be isolated by mechanical or by chemical means. Or 
very thin sections of the tissues may be cut. In most cases 
both these methods of obtaining portions small and thin 
enough to examine will be used. The former will give good 
ideas of the forms and sizes of the elements, but no knowledge 
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of how they are combined ; the latter will show the combina- 
tion of elements perfectly, but is not the best for the study of 
the individual elements. 

Both for isolating the elements, and for cutting sections, 
fresh material is often suitable! Frequently, however, the 
tissue must undergo a special preparation to bring it to the 
right consistency for cutting, or to fill up its interspaces with 
some supporting material which will prevent it "giving" 
before the razor in cutting, or, if the contents of the tissue 
elements are to be studied in their natural position, to "fix" 
these contents. In addition it is often necessary to stain the 
preparation, either to render the whole more distinct, or, by 
using a stain which will colour one part and not another, to 
differentiate between elements, or between certain portions of 
their contents. 

The isolation of elements may sometimes be effected by 
teasing out a portion of the tissue with fine needles. These 
should be set in wooden handles with about half an inch of the 
needles projecting. Then a small portion of the tissue should 
be placed on the slip in a drop of liquid, torn to pieces under 
the dissecting microscope, and then covered. The elements 
of the woody tissues of plants can be isolated by Schulze's 
Macerating Fluid of strong nitric acid and chlorate of potash. 
To use this, place a crystal of chlorate of potash in a test- 
tube, add a little strong nitric acid, and then drop in the 
pieces of tissue. The maceration will be complete in a 
few minutes if it be heated. It is better, however, not to 
heat, but to allow the fluid to act for at least a day at the 
ordinary temperature. For animal tissues, MuUer's Fluid, 
prepared by dissolving 2*5 grams of potassium bichromate 
and I gram of sodium sulphate in 100 ac of distilled water, 
may be used. After the use of either, the elements may be 
separated by slight teasing. 

- Sections should be cut in at least two, and generally three, 
planes perpendicular to each other, and corresponding to the 
plan, front, and side elevations of the working drawings of 
the mechanic. If a preliminary teasing has shown that the 
elements of the tissue are prismatic, a transverse and one 
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longitudinal section will as a rule be sufficient. From the stem 
of a plant, for example, transverse, radial, and tangential 
sections are required, and in not a few cases oblique sections 
are valuable. -No general rule can be laid down. As he 
proceeds in his examination, the student will feel what sections 
are necessary in order that he may see through a structure 
from every point of view. 

Soft tissues must be hardened for cutting. In all cases the 
tissue to be hardened should be in small pieces, in order that 
the hardening liquid may readily penetrate it, and the quantity 
of the reagent must be large or frequently changed. 

Alcohol is the most general hardening reagent Methylated 
spirit, which is about 90 per cent alcohol, is commonly used. 
Absolute alcohol must be used for some purposes. When 
alcohol renders vegetable structures too brittle, they can be 
brought to the right consistency for cutting by steeping them 
in glycerine for some hours. 

Chromic acid, in from a quarter to a half per cent solution, 
IS perhaps more used for animal tissues than for plants. After 
the acid has thoroughly permeated the tissue, the latter must 
be thoroughly washed in water, placed in weak, and finally 
transferred to strong alcohol, in which it may be kept. It is 
essential that all the chromic acid should be washed out of it 
The weak alcohol must be changed as long as it is coloured 
by the tissue. 

Picric acid in saturated solution is valuable for hardening 
and for fixing the contents of cells. It must, however, be 
completely washed out of die tissue before placing in alcohol 
or staining. 

It must not be forgotten that alcohol dissolves out colour- 
ing matters, resins, and other substances from plant-cells, and 
that it precipitates many substances from their solutions in the 
cell-sap. 

The first requisite for cutting good sections is a sharp razor. 
The razor whose edge will not bear examination under an inch 
objective is not fit for use. It is impossible for the student to 
take too much care of his razors. They should never be left 
about open ; after use, they should be carefully washed, wiped. 
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and polished, and preliminary sections, to obtain a good surface 
for cutting, should not be taken by the razor intended fdr 
cutting sections for examination* 

For the actual cutting, an arrangement is required for hold- 
ing the substance firmly in the right position, and for support- 
ing the blade of the razor whilst it is being drawn through it 
After each, cut, the substance must be advanced the thickness 
of a section, in order to get the next cut 

The substance may be held between the thumb and fore- 
finger of the lefl hand, and the blade of the razor may be 
rested on the fore finger while the right hand draws it through 
the tissue. This method, however, gives but indifferent results 
at the best ; it is quite unsuited for cutting series of sections, 
and although some get fairly dexterous at it, others spend an 
amount of time endeavouring to acquire dexterity which may 
be better employed. A simple microtome suitable for doing 
all the work described in this book is a cheap necessity; small 
hand microtomes, consisting of a tube for holding the object, 
a screw for raising and depressing it, and a cutting-plate on 
which to rest the razor blade, may be obtained at as low a 
price as five shillings. 

The more expensive freezing and other microtomes, which 
are elaborate machines, are not necessary for the student He 
should, however, aim at possessing a microtome which will 
satisfy all or most of the following conditions. It should be 
of stout enough construction to be quite rigid ; it should have 
a damp, so that it may be fastened to the side of a table ; the 
cutting-plate should be of polished glass ; the milled head of 
the screw which raises the object should be provided with some 
sort of index, so that the object may be raised by definite 
amounts, and successive sections be of the same thickness ; the 
plug in the tube should not revolve with the screw ; and a 
clamp should be placed in the tube by which the imbedding 
or other substance which holds the object may be fixed. 
Messrs. Watson and Sons make and sell for fifteen shillings 
a Cathcart microtome which satisfies all these conditions except 
that of an index. This microtome has the advantage that at any 
time a freezing apparatus may be added to it for a few shillings. 
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The object to be cut must be held in the right position in 
the microtome clamp. Generally the student will place it 
between pieces of elder pith and fix the pith in the clamp. If 
the object is long enough and rigid enough, it may be placed 
between the pith with about ^ of an inch projecting, and only 
the projecting portion cut through. This will be the method 
with transverse sections of plant stems, for example. In some 
cases longitudinal sections can be cut in this way if the piece 
of tissue is first trimmed to the right form and size. When 
transverse sections of smaller and less rigid objects are to be cut, 
as well as in the case of longitudinal secti9ns of most objects 
of small diameter, the object should be held entirely between 
the pieces of pith, and pith and object cut together. In this 
case, the top of the pith should be trimmed off so that as little 
as possible of it should come into the section. 

In the case of alcohol plant material, where only the 
arrangement of the elements is to be studied, and not their 
contents, it usually does not matter much if the object is 
squeezed out of shape in the clamp. The sections recover 
their size and shape when placed in glycerine. The student, 
however, must judge each case on its merits, and learn by 
experience what it is safe to subject to pressure in this way. 

Very small and soft vegetable objects such as young 
flower buds should be imbedded in celloidin. The celloidin 
must be dissolved in a well-stoppered wide-mouthed bottle in 
a mixture of equal parts of absolute alcohol and ether. The 
object, which should have been some time in alcohol, is 
transferred to a mixture of alcohol and ether, and then to the 
solution of celloidin, in which it must remain until completely 
permeated by it. A cork to fit the microtome clamp should 
be taken, its smooth surface scored in order to allow the 
celloidin to hold, and a layer of celloidin spread on it and 
allowed to set, in order to prevent air-bubbles from sub- 
sequently rising. Then the object, in its drop of celloidin, 
must be quickly transferred to the top of the cork, and 
arranged in position. If the celloidin sets before this is 
accomplished, a drop or two of ether must be placed on it. 
When the celloidin is set hard enough to hold the object, the 
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sections may be cut Being transparent, there is no necessity 
to dissolve out the imbedding agent from the sections before 
mounting. 

Useful sections of many hardened animal tissues may be 
cut from the portion projecting from between two pieces of 
pith. Most animal tissues, however, require to be imbedded. 
The agent universally employed is paraffin, which can be 
obtained of the right consistency from the dealers. The 
following directions, from Lloyd Morgan's ** Animal Biology," 
will sufficiently describe the procedure : — 

{a) Cut a small fragment fresh from the organ to be 
examined 

(b) Place in (i) osmic acid, i per cent., for two or three 
minutes ; or (ii) in chromic acid, 5 per cent, for twenty- four 
hours ; or (iii) in Kleinenberg's picric acid for eighteen hours. 
The object will thus be hardened. 

(c) Place in 50 per cent alcohol for twenty-four hours, then 
70 per cent alcohol for twelve hours, 80 per cent alcohol for 
six hours, and transfer to 90 per cent alcohol. This removes 
the water, 

(a) Place in staining fluid until sufficiently deeply stained. 
Haematoxylin, picro-carmine, eosin, and borax-carmine are the 
most useful reagents. If borax-carmine be used, transfer it 
to 70 per cent alcohol, to which a few drops of nitric or 
hydrochloric acid have been added. 

(e) After staining, place for an hour in 80 per cent, alcohol, 
and then in absolute alcohol for another hour. 

(/) Place in turpentine for an hour, and transfer to 
paraffin, which should be kept just melted. Leave for six or 
eight hours, and then c^st in a mould. The small oblong 
vessels in which moist water colours are sold answer well. 
Arrange the specimen with warm needles. 

(^) Pare away the paraffin so as to bring the object into 
view. Cut the thinnest sections you can with a sharp razor. 

(h) Dissolve the paraffin in turpentine. 

(/) The section may now be examined or mounted per- 
manently in Canada balsam. 

In the actual cutting, the blade of the razor must be laid 
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flat on the plate of the microtome, and pushed from the 
operator across and not directly through the object. The, 
razor may be dry in cutting animal tissues prepared as above, 
but in cutting vegetable tissues it must be kept flooded with 
water if the tissue is fresh, with the preserving fluid if the 
material has been preserved. 

The sections may be removed from the razor-blade on the 
point of a fine brush, some may be safely removed on the 
point of a needle, or they may be flooded off" into a watch- 
glass by liquid discharged from a pipette. 

Such sections as are to be examined without further treat- 
ment may be placed at once in a drop of the mounting liquid 
on a glass slip and covered. Animal sections are, as a rule, 
stained before cutting, vegetable tissues after. Where the 
form and arrangement of the elements in a vegetable tissue are 
alone to be studied, the contents of the cells will be dissolved 
out by immersing the sections in a few drops of eau de Javelle 
for a few minutes, then in very weak acetic acid, and finally 
washing well with wat^r. They can then be stained if 
necessary. 

Sufficient directions for staining are given throughout the 
book, but one general rule must be borne in mind. Dilute 
solutions of staining fluids are slower in their action than 
stronger solutions, but they produce by far the best results,. 

If the student wishes to preserve his preparations for the 
microscope, his mounting media will, as a rule, be glycerine, 
glycerine jelly, or Canada balsam. 

Most of his vegetable preparations will be mounted in 
glycerine or glycerin^ jelly. The object to be mounted in 
glycerine should first be placed in a mixture of alcohol and 
glycerine, and kept there until the fluid has concentrated by 
the evaporation of the alcohol Then a drop of glycerine 
should be placed on the glass slip, the object placed in it, and 
a cover-glass gently lowered obliquely upon it from the point 
of a needle. Any surplus glycerine must be taken up by a 
piece of blotting-paper from the edge of the cover-glass. 
After some practice, the student will find he can judge of the 
amount of glycerine, required, so as to avoid excess. A ring 
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of gold size, repeated several times as it dries, must be laid 
on with a brush to close in the preparation, but the gold 
size will not adhere to the glass where it is smeared with 
glycerine. 

If glycerine jelly is used, a small piece is placed in the 
middle of the slide, and rendered fluid by gently warming. 
The object should then be placed in the drop, and covered. 
The jelly hardens around the rim of the cover-glass, which 
therefore requires no closing in. 

Farrant's medium is fluid at the ordinary temperature, and 
may be used instead of glycerine jelly. It also hardens at the 
edge of the cover-glass. 

Animal sections cut in paraflin are mounted in Canada 
balsam. Howes, in his ** Atlas of Biology," gives the following 
directions for doing this : — 

'^Transfer the sections as cut, together with the imbedding 
material in wbich they lie, to a slide, the surface of which 
has been previously painted over with a heated solution of 
white shellac in kreasote. Submit the whole to the tempera- 
ture of the melting point of the paraflin until the kreasote has 
evaporated, when the sections will become firmly adherent to 
the shellac The slide must next be immersed in turpentine, 
which will dissolve up the remaining imbedding material, thus 
leaving the sections fixed in place and ready to be covered with 
Canada balsam. 

" For final mounting, well-powdered Canada balsam, first 
thoroughly dried, must be dissolved in benzole or chloroform, 
to the consistency of glycerine. A drop of the balsam thus 
prepared should be deposited upon the slide by means of a 
glass rod, and allowed to difluse itself among the sections; 
the cover-glass should then be let down gently and obliquely 
upon the objects, its under surface first having been smeared 
with Canada balsam/' 

The following is a short list of reagents, etc., which the 
student should supply himself with. All may be obtained from 
dealers, although the student may himself prepare some. The 
number following each refers to a page on which its use is 
described or directed : — 
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Micro-chemical Reagents, 

Iodine (29) solutions in alcohol and in potassium 
iodide. 

Iodine (47) solution in zinc chloride (Schulze's solu- 
tion). This is made by saturating pure hydrochloric 
acid with zinc, and then adding a very strong solution 
of potassium-iodide-iodine. 

Fuchsin (122) solution in small amount of alcohol diluted 
with water. The alcoholic solution mixed with glycerine 
stains slowly, but produces excellent results. 

Ether and chloroform (185), used as solvents for 
fats. 

Aniline chloride (121) in water acidulated with hydro- 
chloric acid. 

Ammonia and nitric acid, used as a test for proteids, 
which they stain bright yellow. 

Copper sulphate (34), used with caustic soda and tartaric 
acid in Fehling's liquid as a test for sugar. 

Corallin (160) in sodium carbonate solution. 

Olive oil (185), for mounting aleurone grains. 

Osmic acid (81), for staining fats and oils. 

Potash in water and in alcohol, for rendering sections 
transparent 

Sulphuric acid (121), concentrated. 

Sulphuric acid (29), dilute. 

Chlorate of potash (124). 

Sodium chloride (319) (normal salt solution, 75 percent.). 

MuUer's fluid (17), for hardening and macerating animal 
tissues. 

Pfeffer's fluid (185), for rendering permanent aleurone 
grains. 
Preserving Fluids. 

Methylated spirit (3), for general material. 

Absolute alcohol (18), for material in which the cell- 
contents are to be studied. 
Hardening Fluids, 

Alcohol, methylated (18). 

Chromic acid (18). 
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\ 
Picric acid (107). 

Osmic acid (21). \ 



Imbedding Substances. 

Paraffin (21). 

Celloidin (20). 
Clearing Reagents, 

Eau de Javelle (Potassium hypochlorite) (122). 

Potash in water or in alcohol. 
Staining Fluids. 

Gentian violet (61). 

Methyl green, for nuclear staining. 

HaematoxyUn (107), solution in ammonia, for nuclear 
staining. 

Fuchsin (122). 

Acetic aniline green. 

Hamann's carmine (221). 

Borax carmine (21). 
The following is a short list of books in English, which 
the student may profitably consult in order to supplement and 
extend the information contained in the following chapters. 
It does not pretend to be comprehensive : — 
The Microscope. 

Beale, " How to work with the Microscope." 

Carpenter, " The Microscope." 
Practical Exercises in Biology. 

Strasburger and Hillhouse, " Practical Botany." 

Bower, ** Practical Botany." 

Marshall and Hurst, " Practical Zoology." 

Foster and Langley, " Practical Physiology." 

Howes, ** Atlas of Practical Elementary Biology." 
Botany. 

De Bary, " Comparative Anatomy of the Phanerogams 
and Ferns." 

De Bary, " Comparative Morphology and Biology of the 
Fungi," etc. 

Goebel, " Outlines of Classification and Special Morph- 
ology." 

Bennett and Murray, ** Cryptogamic Botany," 
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Goodale, " Physiological Botany." 
Sachs, " Lectures on Plant Physiology." 
Vines, " Physiology of Plants." 
Zoology, 

Gegenbaur, " Elements of Comparative Anatomy." 
Huxley, ** The Anatomy of Invertebrated Animals." 
Huxley, ** The Anatomy of Vertebrated Animals." 
Ecker, ** Anatomy of the Frog." 
Marshall, "The Frog." 
Huxley, « The Crayfish." 
Lloyd Morgan, ** Animal Biology." 
Lankester and others, Zoological Articles contributed to 
the " Encyclopaedia Britannica." 
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CHAPTER I. 
YEAST (SACCHAROMYCESSPROUTING FUNGI). 

I. Take some brewer's yeast {Saccharomyces cerevisia), 
widely used for exciting fermentation in the wort of beer, and 
l]U>tice its semi-fluid character and light-brown colour. A low 
power of the microscope is sufficient to show that it consists 
of small particles suspended in a thin liquid. Allow it to 
stand for a time, and it separates itself into a deposit on the 
sides and bottom of the vessel, and a clear supernatant liquid. 
The deposit is the Yeast ; the liquid is mainly water. 

2. Dry some yeast by exposing it to the atmosphere or to 
a gentle heat. A powdery mass of yeast is obtained. 

3. Heat some of the dry yeast in a porcelain or other 
crucible over a spirit-lamp or Bunsen gas-burner. It first loses 
a quantity of water which is not expelled from it at the ordinary 
temperature of the air, next blackens, and finally bums, leaving 
a small quantity of white ash. The blackening of the yeast 
indicates the presence of carbon. Appropriate chemical ex- 
periments show also that compounds of carbon, oxygen, 
hydrogen, and nitrogen were given off during the burning, and 
that the ash contains the elements sulphut, phosphorus, po- 
tassium, magnesium, calcium, and possibly some others in small 
quantities. 

4. Place a small drop of yeast on a slide, cover with a 
cover-glass, and examine under a high power of the microscope. 
A large number of spherical or slightly ovoidal colourless 
Cells are seen. Each consists of a very delicate outer limiting 
membrane, or Cell-wall : this is a closed bag containing a 
semi-fluid substance — the Protoplasm. In the protoplasm of 
many cells will be seen clearer round or oval spaces — the 
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VaouoleB— containing a watery Cell-Bap, and scattered 
throughout the protoplasm of some cells will be seen a crowd 
of minute refractive particles of fat, which have the effect of 
making the protoplasm appear granular. The protoplasm of 
other cells will be clear and homogeneous. 

5- Measure some of the cells. They will be found to vary 
in size from 8jt to 14/1 (from 00031 to 00055 inch). 

6. Press 
sharply on the 
cover-glass. 
Some of the celts 
are burst, and 
the protoplasm, 
which after a 
short time be- 
comes diffused 
throughout the 
water, exudes. 
Many of the 
highly refractive 
granules of the 
protoplasm, how- 
ever, retain their 
individuality for 
a considerable 
time. Note the 
empty cells 
(membranes). 

7. Spread a 
little yeast thinly 
on a slide with 

a camel's hair brush, and allow it to dry thoroughly. IL 
adheres so firmly to the glass that it may be treated with 
reagents, washed, and mounted in this position, without being 
detached. The outer layer of the cell-wall is Mucilaginous, 
and the cells adhere to the slide and to each other by means 
of this mucilage. 

8. Add a drop of solution of iodine in potassium iodide to 
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the dry layer of yeast on a slide, and allow it to remain for a 
few minutes. Wash lightly, mount in water, and examine under 
the microscope. The cell-wall is stained very slightly, the 
protoplasm takes on a brown colour, and the whole structure 
of the cell i^ rendered more evident. Starch is not present, 
or it would have taken on a blue colour with the iodine. Note 
that since the cell is a closed sac the iodine must have passed 
through the cell-wall in order to stain its contents. 

9. Treat a similar dry layer of yeast with iodine solution 
and then with 70 per cent sulphuric acid; wash lightly, and 
mount in water. All the cells are stained, some deeply. The 
cell-wall takes on a yellowish-brown to brown coloration. 

Most cell-walls of the higher plants are stained blue when 
treated successively with solution of iodine and sulphuric acid, 
and this reaction is characteristic of their substance. Cellulose^ 
which has the composition (C6Hio06)n, and is one of the class of 
compounds called Carbohydrates. The cell-wall of yeast is 
also composed of cellulose, but, in common with the cell-walls 
of most other fungi, it is either in a different physical condition 
or it has an admixture of other substances which prevent the 
reaction with these reagents. Probably the latter is the case. 
The material of these cell-walls has received the name Fungus 
Cellulose. 

10. Treat a similar dry layer of yeast with 70 per cent 
sulphuric acid, allow to act for five minutes, wash and mount 
in water. The contents of most of the cells will be dis- 
organized, the cell-walls resist the acid. 

11. Treat, as in 10, with sulphuric acid, wash, and stain 
with potassium iodide iodine. It will be seen that in those 
cells whose contents have not been disorganized the proto- 
plasm, stained dark brown, has shrunk away from the cell-wall, 
allowing the latter to be seen with great ease. 

The yellowish-brown colour which protoplasm assumes with 
iodine is characteristic of this substance. 

12. Treat yeast on a slide with solution of potash or of 
potassium hypochlorite {eau de Javelle), The protoplasm is 
dissolved, and nothing is seen to be left but the empty cell* 
walls. 



30 Practical Elementary Biology 

Protoplasm as we see it in living cells is a fluid whose 
viscosity varies in different plants and animals within fairly 
wide limits. It is a very complex but orgam'zed association 
of many chemical compounds, of which the following are the 
chief: — 

{a) Albuminous compounds or proteids, which are of the 
same nature as the casein of milk, the fibrin of blood, and the 
albumin of .^<gg. Three classes of proteids can be recog- 
nized in protoplasm — 

(i.) Peptones^ which are soluble in water. 

(ii.) Globulins^ not soluble in water, but soluble in dilute 
potash solution. 

(iii.) Plastin^ which is soluble in strong potash solution. 
All proteids are composed of the elements carbon, hydrogen, 
oxygen, nitrogen, and sulphur, and in addition plastin contains 
phosphorus. 

ip) Some mineral compounds, the elements of which form 
the ash constituents {vide^, 3). 

{c) Water, which is an integral portion of the protoplasm. 

The constituent compounds of the protoplasm are banded 
together in such a manner as to make, not a form whole, like a 
crystal, but a functional or organic whole ; not a mere mixture of 
compounds, nor one single chemical compound, but an associa- 
tion of compounds, the link between which being broken, the 
substance is no longer protoplasm, but a mixture of its con- 
stituent compounds. It is the substance in which resides 
the life of the plant or animal, the seat of all vital activity. 
In a living cell constant chemical changes are going on in 
the protoplasm and by its agency, such chemical changes 
being the outward manifestation of its life. Nutritive com- 
pounds, organic and inorganic, are absorbed by it, passing 
through the cell-wall, where there is one, and penetrating 
the protoplasm, in the form of solutions in water. These 
compounds are decomposed by the aid of energy, also absorbed 
from without, and are finally incorporated into the substance 
of the protoplasm (Constructive Metabolism). Portions 
of it, or products of its metabolism, are constantly being 
separated from its mass to be absorbed again, or to form 
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a stock of reserve nutritive material, or to provide substances 
whose function shall be partially or wholly mechanical. Tfaus 
the cell-wall is formed and added to by the formation of 
cellulose out of protoplasm. Lastly, by the absorption of 
oxygen some of its constituents are continually being con- 
verted into more highly oxidized compounds of simpler 
constitution (Destructive Metabolism), giving off heat 
in so doing, the compounds thus formed being excreted 
from the protoplasm (Excretion). So long as the protoplasm 
is alive destructive metabolism continues, even if it be not 
constructively metabolic, and after death the whole is resolved 
into carbon dioxide (COj), water (H,0), nitrogen, or ammonia 
(NH3), phosphates and sulphates of calcium, magnesium, and 
potassium, and under varying conditions into other compounds. 

Since such is the composition of yeast, it is obvious that no 
increase in the weight of any quantity of it can take place 
unless a supply of these ash and other constituents are at 
the disposal of the plant. They cannot, however, be used, 
with the single exception of oxygen, in the form of elements, 
but must be presented as compounds. The list of compounds 
available for the purpose is not by any means a large one. 
The ash constituents and hydrogen must generally be presented 
in the form of inorganic compounds, the nitrogen may be in 
the same form, but the carbon must be contained in an organic 
compound. 

The simplest mixture of nutritive substances in which yeast 
can be cultivated is the solution first used by Adolf Mayer in 
1869. It is composed as follows : — 

Distilled Water H,0 500 cub. centimetres 

Sugar Candy C,,H„Oii 15 grams 

Ammonium Nitrate NH4NO, I gram 

Dihydric Potassium Phosphate KH,P04 0*5 „ 

Tricalcium Phosphate Ca3(P04), 0*05 „ 

Magnesium Sulpnate MgSOf 0*25 „ 

Unless special means oe taken for expelling it, oxygen will 
also be held in solution in this mixture, and except in case 
of complete isolation it will also be freely absorbed from the 
atmosphere. It will thus be seen that Mayer's solution con- 
tains all the necessary elements for the construction of the 
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protoplasm, cellulose, fat, and other compounds found in the 
yeast plant ; and if yeast lives and increases in it, as it does, 
it must obtain its carbon from the sugar, its nitrogen from the 
ammonium nitrate, its potassium from the acid potassium 
phosphate, its calcium from the calcium phosphate, its sul- 
phur and magnesium from the magnesium sulphate, and its 
phosphorus from one or both the phosphates. Its hydrogen 
it can obtain from water, and it can absorb some of the free 
oxygen in solution. 

It has been shown that yeast burns, giving out energy in 
the form of heat in so doing. Yeast thus contains a store of 
potential energy, which, since energy cannot be created by the 
plant, must be obtained by it either from the compounds which 
serve it as food or from some other source. The only com- 
pound in Mayer's solution which is not fully oxidized is the 
sugar, and from the conditions under which yeast thrives the 
only other available source of energy for it is external heat 
From one or both these sources the energy which is stored up 
in the yeast plant must be obtained. 

Any organism which, like yeast, has the power of using the 
nitrogen of an inorganic compound such as ammonium nitrate 
in the construction of protoplasm is an undoubted plant. 

13. Prepare 
Mayer's solution, 
and place in two 
flasks, A and B. 

A about half 
full. Fit the flask 
with a cork, 
through which 
passes a delivery 
tube bent twice at 
right angles, and 
let the end of the 
delivery tube dip 
into a vessel containing lime-water. Add a few drops of 
vigorous young yeast to the solution in the flask, and keep 
at a temperature of 25^ to 30** C. 




Fig. 9. — ^A, flask containing ^east in nutrient solution ; B, 
vessel containing lime-water. 
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B, similar in all respects to A, but not sown with yeast 
In afew hours the liquid in A becomes turbid, froths up, 
and dbengages bubbles of carbon dioxide gas (CO2), which 
pass through the lime-water and render it milky. In B no 
turbidity is seen and no carbon dioxide is produced. Whilst 
fermentation is most active test the temperature in each flask. 
That of A will be higher than, that of B the same as, the 
temperature of the surrounding air. Thus heat is produced 
in fermentation. Allow the flasks to stand for some days until 
all fermentation has ceased, that is, until there is no further 
production of carbon dioxide. Note the beery smell of A, and 
the absence of any such smell in B. Also note the thick 
deposit on the sides and bottom of A. This will be found 
to be yeast similar to that added, but obviously in much larger 
quantity. 

14. Place some of the liquid from A in a small retort, and 
distil over about 
one-fifth of it. 
Make this into a 
paste with quick- 
lime and distil 
again. 

Note especially 
at the commence- 
ment of the second 
distillation the 
streakiness on the 
sides of the neck 
of the retort. 
This is characteristic of Alcohol, and a very small propqrtion 
of it may be detected with certainty by this means. The dis- 
tillate burns with an almost invisible flame. If three or four 
drops of a solution of potassium bichromate be added to some 
of it, then a few drops of sulphuric acid, and the mixture be 
heated, a green colour and a fruity odour are produced. This last 
reaction is also a certain indication of the presence of alcohol. 

15. Test the contents of B in the same way. No alcohol 
is found. 

D 




Fig. 10.— 'Apparatus for the distillation of alcohol from 
fermented sugar solution. 
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1 6. Prepare an alkaline copper tartrate solution {Fehlln^s 
solution) by adding tartaric acid to' copper sulphate solution 
until the precipitate first formed is redissolved, and then 
rendering it strongly alkaline with sodium hydrate. To this add 
some of the liquid from A, and boil. If fermentation has been 
complete there is no precipitate of red copper oxide, showing 
that the sugar has disappeared. 

17. Test some of the liquid from B in the same way by 
boiling well with Fehling's solution, and abundance of sugar 
is shown to be present. If a single drop of sulphuric acid 
be added to the boiling liquid the precipitate appears in much 
less time. 

Cane-sugar^ CiaHaaOn, reduces Fehling's solution only 
after long boiling ; but if Mayer's solution when in active fer- 
mentation with yeast be tested for sugar, a copious precipitate 
of copper oxide is obtained on slightly warming. The explana- 
tion is that the first effect of the yeast on the cane-sugar is to 
convert it into Glucose or Grape-sugar, CgHiaOa, which 
reduces Fehling's solution very readily. 

18. Sow Mayer's solution with yeast, and keep at or near 
the freezing point of water. There is no fermentation. For 
this, heat from without is necessary. The Minimum Tem- 
perature, below which fermentation does not take place, is 
9°C.; the Optimum Temperature, at which it is most 
active, is between 25° C. and 35° C; and the Maximum 
Temperature, above which there is no fermentation, is below 
60° C. 

We are now in a position to formulate the results of these 
experiments. In the first flask, A — 

Heat has been absorbed from without. 

The yeast has increased in quantity. And therefore 

Energy has been stored up. 

Heat has been given out 

Sugar has disappeared. 

Alcohol and carbon dioxide have been produced. 
In B there has been no change. 

The inference is that in A these changes have been brought 
about by the yeast added to it. 
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The increase in the quantity of yeast signifies an increase 
in the quantity of proteids, cellulose, fat, and mineral con- 
stituents, and it is clear that these additional organic 
compounds must have been formed out of the compounds in 
the nutrient solution, in the midst of which the cells of the 
yeast plant live. Each nutrient compound continues to pass 
through the cell-wall and to reach the interior of the cell so 
long as its solution in the cell-sap is less concentrated than its 
solution outside, and since these nutrient compounds are 
being continuously decomposed in the cell, their passage 
inwards is also continuous. The movement of substances 
through a membrane from a more to a less saturated solution 
is known as Osmosis. In the cell, decomposition first takes 
place, and for this energy is necessary. A small part of this 
energy is absorbed from without in the form of heat. Recom- 
position then ensues and protoplasm is formed. Not more 
than one per cent, of the total sugar which disappears goes 
to form yeast ; of the remainder about 95 per cent becomes 
decomposed into carbon dioxide and alcohol, and the rest 
into glycerine, succinic acid, and carbon dioxide. 

19. Make up Mayer's solution without ammonium nitrate, 
sow with a small quantity of actively growing yeast, and keep 
at the fermenting temperature. There will be no fermenta- 
tion, or at most it will be barely perceptible. That there 
is any fermentation at all is owing to the fact that the yeast 
can feed for a time on its very large reserve of nitrogenous 
matter. 

20. Make up Mayer's solution without sugar, sow with a 
small quantity of active yeast, and keep at the fermenting 
temperature. There is occasionally a small production of 
carbon dioxide and alcohol, but they are formed out of the 
elements of the yeast. 

21. Make up Mayer's solution without phosphates. Such 
a medium also will allow of but the faintest indications of 
fermentation or of none at all. 

The three preceding experiments show that fermentation 
is practically impossible unless the yeast plant is supplied 
with suitable carbonaceous, nitrogenous, and phosphorus 
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compounds as food. The other constituent appears to be of 
less importance. 

It has been explained that the constructive metabolism of 
the protoplasm converts the products of the decomposition of 
the nutritive compounds into protoplasm itself. This is 
essentially an association of chemical compounds the affinities 
of whose elements are not completely satisfied. The 
protoplasm thus formed is therefore not only a store of matter 
but of potential energy, since, by such a simple process as 
burning, energy in the form of heat can be obtained from it. 
This energy cannot be created by the plant. A very small 
portion is absorbed from without in the form of heat ; much 
the larger portion is supplied to the plant in the form of 
potential energy of sugar. But heat also passes away from the 
yeast during the whole period of fermentation, and this is so 
much energy lost in addition to that stored up. This pro- 
duction of heat may be very large ; it is directly proportional 
to the amounts of yeast produced and of sugar fermented. 
Naegeli calculated that in the fermentation of one kilogram of 
cane-sugar, or after its inversion of 1*0526 kilogram of grape- 
sugar, 146 6 thermal units appear. The heat set free has a 
double origin. A portion of it is produced in the destructive 
metabolism of the protoplasm, in which process carbon dioxide 
and water are formed (Respiration). Destructive metabolism 
is continuous whether the plant be fed or not If yeast be 
placed in distilled water, after a time the protoplasmic con- 
tents of the cells have perceptibly diminished, so that an 
actual loss of substance has taken place. The other portion 
is produced in the decomposition of the sugar into carbon 
dioxide and alcohol The amount of heat set free in this 
decomposition is about one-fifteenth of the total amount which 
would be produced by the complete combustion of the 
sugar. 

The simultaneous disappearance of sugar and appearance 
of carbon dioxide and alcohol suggest an intimate connection 
between the two phenomena, and accurate investigation has 
demonstrated that by the living activity of the yeast the sugar 
has been directly decomposed into alcohol and carbon 
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dioxide. This decomposition may be represented by the 
equation — 

CeH„Oe = 2C2HeO + 200^ 

Grape-sugar. Alcohol. Carbon dioxide. 

According to this equation one gram of grape-sugar will on 
decomposition yield 0*49 gram of carbon dioxide and 0*51 
gram of alcohol. And it has been found by direct experiment 
that when a sugared solution is fermented with yeast, the 
relationship between the amounts of sugar disappearing and of 
alcohol and carbon dioxide appearing is approximately the 
3ftme as given by this equation. 

22. Fill a flask with Mayer's solution, and boil it well in 
the flask for an hour, keeping the flask full by adding distilled 
water. When cool sow with actively growing yeast, and cork 
tightly with a good cork, having passed through it a tube 
bent at an angle of 60°. Let the free end of the tube dip in 
a vessel containing well-boiled distilled water, or preferably 
mercury, and keep the flask at the fermenting temperature. 

The solution is boiled to expel air. Pasteur found, in 
dealing with a sugared solution of somewhat similar compo- 
sition, that after boiling and cooling, three litres of the solution 
contained less than j^Vrr gram of oxygen. Our flask then will 
certainly contain but an extremely small quantity of oxygen, 
and as arranged, it is cut off from all air except that in the 
tube. Under these circumstances it will be found that the 
fermentation is slow but decided. Afler several days it 
generally happens that there are still evidences of fermen- 
tation going on — small bubbles of gas are still rising to the top 
of the flask. 

The fact is well established that yeast can increase in 
quantity and effect fermentation in the absence of oxygen, 
in that case, getting its oxygen for destructive metabo- 
lism from the sugar. But sooner or later the cells die 
when deprived of free oxygen. Pasteur says, " To multiply 
in a fermentable medium out of the presence of oxygen gas, 
the ceils of yeast ought to be extremely young, full of life and 
health, still under the influence of the vital activity which they 
owe to the free oxygen which has served to form them, and 
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which perhaps they have stored up for a time. Older, they 
have great difficulty in reproducing themselves without air, and 
they age more and more. If they multiply at all it is under 
a form fantastic and monstrous. Older still, they remain 
absolutely inert in a medium deprived of oxygen.** He 
classes this particular form of yeast as an Aerobiotic form, 
because free oxygen is a necessity for its life. There are, 
however, Anaerobiotic forms which thrive best without free 
oxygen, but they are few. 

The amount of sugar which is decomposed into alcohol 
and carbon dioxide for a given weight of yeast formed is nojt 
a constant quantity, and depends on the amount of free oxygen 
at the command of the plant. Pasteur experimented with two 
solutions. One contained free oxygen, the other was deprived 
of, and kept isolated from, free oxygen. Both were sown with 
yeast and kept under similar conditions. The proportion 
between the yeast formed and sugar decomposed in the first 
solution was 1:76; in the second, i : 89. So that with free 
oxygen there was not so much sugar decomposed for the same 
amount of yeast formed, as there was without free oxygen, 
although in the first case the absolute amount of yeast formed 
was greater than in the second case. 

It is to be especially borne in mind that the decomposition 
of sugar by the agency of yeast is of two kinds. About 
one per cent, is decomposed in the cell, and its elements 
taken up by the cell for its own nourishment The rest is 
decomposed, also within the cell, but the products of the 
decomposition speedily pass out of it This decomposition 
sets free heat, which the plant gets the benefit of. Any organism 
which is capable of bringing about the decomposition of its 
substratum in the way that yeast brings about the decomposition 
of sugar into alcohol and carbon dioxide, is a ferment {Organized 
Ferment), The character of the effect of a ferment on its 
substratum is constant It is always the most nutritive com- 
pounds which are destroyed, and the products of the decom- 
position are always compounds which are less suitable for 
nutrition. 

23. Add yeast to Mayer's solution in a flask, and then boil 
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for a short time. Immediately plug the neck of the flask with 
cotton wool or asbestos, in order that any air which enters on 
cooling may be filtered from germs, and keep under the proper 
conditions for fermentation. 

The liquid does not ferment A boiling temperature 
destroys the power of yeast to bring about fermentation by 
destroying the yeast itself. The fatal temperature for moist 
yeast is not nearly so high as this, being in fact about 60° C. 
Schiitzenberger states that dry yeast may be heated to nearly 
100° C. without being killed. Caignard de la Tour found that 
dry yeast may be cooled to - 60° C. without losing its vitality, 
whereas when moist it is killed at - 5° C. 

24. Sow yeast in Mayer's solution, and keep in a dark place 
at the fermenting temperature. 

Fermentation goes on as well in the dark as in the light. 
Yeast is independent of light for its growth, whereas all green 
plants require it. 

It has been already stated that the first effect of yeast 
on cane-sugar is to convert it into glucose or grape-sugar, and 
that cane-sugar reduces Fehling's solution only after long 
boiling. 

25. Make a solution of cane-sugar in water, or take Mayer's 
solution, and add to it some water in which yeast has been 
washed. Test immediately with Fehling's solution, and a 
copious red precipitate is obtained on warming, showing that 
the cane-sugar has been quickly changed into grape-sugar by 
the action of the yeast-water. The change may be represented 
by the following equation : — 

C12H22O11 -f HgO = 2C6H12O6 

Cane-sugar. Water. Grape-sugar. 

The nature of this change must be noted. It involves the 
fixation of the elements of water and a subsequent decom- 
position under the influence of a substance which although not 
living is of vital origin, being, in fact, dissolved out from yeast- 
cells where it is formed. A change of this kind is one 01 
Hydrolysis, and the influencing substance is a Hydrolyst 
(Enzyme, or Unorganized Ferment). 
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The income and expenditure of yeast with respect to borh 
matter and energy may be thus tabulated — 

Income. j Expenditure. 

Matter: Sugar, inorganic salts, i Matter: Loss of carbon dioxide 



water, free oxygen. 



Energy : Potential energy of sugar. 
Heat (kinetic energy). 



and water in respira- 
tion. Excess of cell- 
formation. 
Energy: Heat evolved. 

Work done in growth. 

Potential energy of or- 
gan i c compounds 
formed. 



Matter: Sugar. 

Energy : Potential energy of sugar. 



In Fermentation. 

Matter : Alcohol, carbon dioxide. 
Energy ; Heat evolved. 

Potential energy of al- 
cohol. 



Balance in Favour of the Yeast. 

Matter: Proteids, cellulose, fat, etc., of cells formed. 
Energy : Potential energy of organic compounds formed. 

Mayer's solution is not the only mixture of nutritive com- 
pounds in which yeast will thrive, nor is it the most suitable. 
An organic compound like ammonium tartrate, (NH4)2C4H40«, 
may replace ammonium nitrate with advantage, and a mixture 
in which this exchange is made is known as Pasteur's Solu- 
tion. Ammonium compounds are good, and nitrates indiffer- 
ent, sources of nitrogen for yeast Free nitrogen cannot be 
assimilated. But no substance is so suitable to supply nitrogen 
to yeast as those nitrogenous compounds which occur so plen- 
tifully in such natural fluids as the wort of beer, the juice of 
sugary fruits, and the water of yeast. They contain peptones 
(soluble proteids), which are capable of diffusing through the 
cell-wall. Living in such a medium, the plant is obtaining 
both its carbon and its nitrogen from organic compounds 
which are also capable of nourishing lanimals. The peptones 
formed in animal digestion are also eminently suited for the 
nourishment of yeast. 

Sugar is its best source of carbon, although almost any 
carbonaceous compound which is soluble and not too poisonous 
is available for the purpose so long as the plant^ has plenty of 
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free oxygen. It cannot, however, obtain its carbon from carbon 
dioxide. If well supplied with oxygen, yeast-cells multiply in 
yeast-water, getting their carbon in that case from nitrogenous 
carbon compounds. There cannot, of course, be any alcoholic 
fermentation in such a liquid, and, speaking generally, the 
development of yeast is very difficult in a non-sugared medium. 
The best nutritive solution is one containing peptones and 
sugar with the mineral constituents of the ashes of yeast. 

Reproduction. 

26. Examine some actively growing yeast under the micro- 
scope, and note that many of the cells are attached together in 
growth-forms, which are branched strings of cells. The cells 
separate from each other on a slight disturbance. If the yeast 
be cultivated in nutrient solution on the slide, these growth- 
forms will be larger and more beautiful because less disturbed. 
The manner of their formation is this. An actively growing 
cell develops a slight protuberance at a point — which may 
be at the extremity of the cell or may not — or at more than 
one point This enlarges, is filled with protoplasm from the 
mother-cell, and becomes constricted at the point of origin. 
Eventually a partition-wall is formed there, but unless a slight 
force is used the cells remain attached Generally before the 
Sprout-cell has attained its full size it also commences 
sprouting^ and so on. The branched sprout-chain constitutes 
a very simple Mycelium. This method of reproduction is a 
vegetative one; each sprout-cell is similar in all respects to 
the cell from which it sprouted, and every cell is capable of 
sprouting. 

The necessary conditions for the growth and reproduction 
of a yeast-cell are a supply of water, of food, of oxygen or 
fermentable matter, and a proper temperature. The proto- 
plasm of the young cell exerts a pressure on the cell-wall, thus 
stretching it, and this increase in size is rendered permanent 
by the deposition of cellulose on the cell-walL This continues 
until the cell has reached its full size. Meanwhile the proto- 
plasm has also been increasing in quantity, but frequently not 
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quickly enough to keep the cell quite full, so that vacuoles 
appear full of cell-sap. 

There is another method of reproduction. When well- 
fed yeast is suddenly deprived of all nourishment, especially 
sugar, but kept constantly moist, supplied with oxygen, and at 
a suitable temperature, it forms spores. 

27, Prepare a small block of plaster, and smear the top 
of it with a thin layer of actively growing yeast which has been 
washed in distilled water. Stand it in a vessel and pour in dis- 
tilled water until it reaches ta within half an inch or less of 
the top. Cover with glass to exclude dust and atmospheric 
germs. Examine tttyva. the second day. The contents of the 
older cells disappear, but at from two to four points in the 
younger cells small masses of denser and more refractive 
protoplasm collect, slowly increase in size, and eventually 
become coated with membranes. These are Ascoapores 
formed by the process of Partial DiviBlon (free cell-forma- 
tion) from the protoplasm of the mother^cell, which is an 
Ascns. The wall of the ascus disappears and in a nutrient 
solution the ascospores sprout, giving rise to vegetative cells. 

Any plant which, not being green, is dependent on organic 
compounds as its source of carbon, and whose structure and 
modes of reproduction are as have been described above, is a 
Fnngng. 

Saccharotiiycei cerenisia is not the only species of Saccha- 
romyces which can cause alco- 
holic fermentation in sugary nutri- 
tive solutions. 

S. ellipioideus is the ordinary 
yeast of wine. The cells are 
ellipsoidal, and have a length of 
6/1 and a breadth of from 4ju to 
S/t The mode of forming asco- 
vk- 'i—SBahimBij'ci! ii.ifseidtm sporcs IS as has been described for 

budding. (Schuuenbeiger.) ^ . . 

S. cercvistm. 
S, Pastorianus is also a ferment of wine. Its cells are 
oval in outline and small, or else elongated up to 30/1 in 
length, one end of the elongated cell being usually swollen. 
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This difference of form is a consequence of differences of the 
conditions under which it lives. Fig. 12 represents & Pastori- 
anus in its ordinary form, and Fig. 13 shows it after successive 
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Fig. i^.Sacckarcinyces Pas' 
torianus after repeated cul- 
Fig. X2. — Saccharomyces Pasioriantis. tivations in nutrient fluids. 

(Pasteur.) (Pasteur.) 

cultivations in nutritive fluids. Ordinarily the ferment appears 
spontaneously in wines shortly before the termination of 
fermentation. Ascospores have been observed in this species. 
.S. mycoderfna forms a thin crust on the surface of fermented 
or fermentable liquids, frequently appearing spontaneously and 
multiplying with grdat rapidity. Its cells are of very various 
sizes and shapes, ovoid, ellipsoidal, or cylindrical, and from 
6ft to 13ft in length by 3/1 in breadth. On the surface of a 
liquid it does not function as 
a ferment, but when sub- 
merged in a suitable fluid, 
Pasteur showed that it is 
capable of exciting fermenta- 
tion. The ascogenous pro- 
duction of spores by the 
Saccharomyces was dis- 
covered bv De SavneS in ^*°' ^\*— Saccharomyces apiculatus, (Schut- 
oijo • ^i.- • zenberger.) 

1868 m this species. 

Saccharomyces (Carpozyma) apiculatus is the commonest 
fonn of all those occurring on the outside of ripe sugary fruits, 




1:W 



44 Practical Elementary Biology 

in whose juices it can excite fermentation. It is never found 
on green fruits, and during the intervals of ripening of the 
various fruits it develops in the soil beneath the plants. The 
cells are ellipsoidal, with a small projection at each end, and 
their greater diameter is about 6/1*, The mode of forming 
ascospores is not precisely similar to that described above, 
and for this reason it is proposed to remove it from the genus 
Saccharomyces. 

S, albicans is the parasite of the disease known as thrush. 
It forms pustules on the mouth and throat. The cells are 
very long, and they excite weak alcoholic fermentation in 
sugared nutrient solutions. 

Other fungi besides the Saccharomyces described above are 
capable of exciting alcoholic fermentation when submerged in 
a suitable fluid. One other will be described in this book. 
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CHAPTER IT. 
PROTOCOCCUS. 

I. Remove from a roof-gutter, the side of a water-butt, the 
trunk of a tree, or similar position, some of the green in- 
crustation to be almost certainly found there. Mount in a 
drop of water and examine with a high power. 

Amongst the mud many spherical green cells will be seen. 
Measure, and they will be found to be of very different sizes, 
varying from less than io/a up to 50/* in diameter. Without 
reagents it can be seen that there is a fairly stout colourless 
cell-wall enclosing granular cell-contents, which are mainly of 
a bright green colour. Sometimes the green colouring matter 
appears diffused throughout the cell-contents, but generally 
it can be seen to be confined to portions of the contained 
protoplasm, forming green-coloured bodies (Chromato- 
phores), which are in contact with the inner margin of the 
cell-walL Where those do not come in contact laterally, the 
colourless protoplasm is seen. Frequently a red spot is visible 
within the cell, and sonietimes the red colouring matter is 
sufficient to give a red tint to a large portion of the contents 
of the cell, and in this case the organism is generally known as 
Hamatococcus. Many of the cells are solitary ,- some are joined 
together in groups of two, three, or four, with such position 
relationship as to leave no doubt that they have been formed 
by the fission of a mother-cell. 

2. Treat with solution of iodine in potassium iodide on the 
slide. 

The cell-wall is not stained. The contents of the cell 
are stained yellowish-brown (reaction of protoplasm). The 
chromatophores lose their green colour and also take on the 
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brawn stain, showing thus their protoplasmic nature, and after 
apprapriate treatment small particles in them take on a blue 

# colour (starch 

^^, reaction). Cells 

j/ ^jffl^^ too deeply 

f} stained show a 

^ rounded body 

near their centre 
which has taken 
on a deeper 
brown than the 
rest of the con- 
tents. This is 
the Nuoleoa, in 
Mid chroniaiophmea. the Centre of 
which is visible 
a Hndeolns. In a recently divided cell the nucleus is seen 
near the newly formed partition- wall In a short time, if a 
fairly lai^e amount of the reagent has been added, the proto- 
plasm everywhere retreats from the cell-wall (Plasmolysis), 
and allows the latter to be seen with much distinctness. 

Almost all cells — animal and vegetable — have been shown 
to contain nuclei, and as microchemi'cal methods improve, the 
list of cells apparently not containing nuclei becomes more and 
more restricted. The nucleus has been shown to contain at 
least two distinct substances. One is Kaclein, allied to the 
proteids, but containing phosphorus in its molecule and no 
sulphur. This is arranged in the form of a network, the 
meshes of which are filled with another substance not differing 
much from the general protoplasm (Cytoplasm) of the cell. 
The nuclein framework very readily takes up colouring matters, 
notably hfematoxylin. The function of the nucleus in the cell 
is not well known. It always divides previous to the division of 
the cell itself, so that newly formed cells each have a nucleus 
formed by the division of the nucleus of the mother-cell ; but 
since division of the nucleus is not always followed by division 
of the cell itself, the relation botween the two divisions cannot 



ProtococcHs 4y 

always be one of cause and effect. It is extremely probable 
that the nucleus is concerned in the processes of cell-nutrition, 
especially the formation of proteids. 

3. Treat protococcus with solution of iodine, and then 
with 70 per cent, sulphuric acid. 

The cell-wall is stained blue, showing that it is composed 
of normal cellulose. Schulze's solution of iodine in zinc 
chloride gives the same result. 

As already indicated protococcus multiplies by fission. 
The nucleus divides first, and then a cell-wall is formed, from 
the protoplasm of the cell, across the mother-celL Separation 
and rounding off of the cells ensue, sometimes almost imme- 
diately, sometimes not until after further divisions. 

4. Watch rain-water butts when the first really warm days 
of early summer come, or in hot weather when heavy rain 
falls after drought. At some such time it will be found that 
the surface of the water is covered with a bright green scum 
This remains for some days and then disappears. Remove 
some, and mount in water. 

The field of the microscope is filled with moving green 
organisms. They are the motile form (Zoospores) of proto- 
coccus. Focus one which is resting for a moment It may 
have a thin coat of cellulose, it will probably be quite naked. 
Watch for a vacuole in . the interior of the green protoplasm, 
which very slowly increases in size, and then rapidly dis- 
appears by the closing together of its walls. Notice that very 
small particles lying close to the cell are unaffected by the 
disappearance of the vacuole, 
which appears thereby to show 
that nothing either liquid or 
gaseous is expelled from the 
organism during that disappear- 
ance. The nature of the Pulsat- 
ing Vacuole is unknown. 

5. Run in a very little iodine Fig. i6.-Protococcus piuviazis, a. 

. . , , ' - motile; 6, dividing. (Conn.) 

solution under the cover-glass. 

The cells are killed and stained. It is then seen that 
from one end of the slightly ovoid zoospore, which at that 
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point is colourless and transparent, two long and delicate 
Cilia arise. The movements of these cilia probably drive 
the cell through the water. In the case of the coated motile 
cells, here also the cilia are processes of the protoplasm which 
pass through the cell-walL The red pigment spot is very 
evident 

After a time the zoospore comes to rest, the cilia are with- 
drawn, and with the formation of a normal cell-wall of cellulose 
the cell passes into the resting' stage. In fortunate cases the 
formation of the zoospore may be observed The protoplasm 
retreats from the cell-wall, the latter then splits up, and the 
contents are set free as a motile cell In some cases, instead 
of a single zoospore, eight or more are formed from the proto- 
plasm of the cell In the resting state the cells can resist 
dr}'ing up, and are also unaffected by temperatures below the 
freezing point of water. In the dry state protococcus forms 
a bright green incrustation on tree trunks, rocks, and the like, 
regaining its vital activity when moistened with water. 

The growth (increase in size) of the cells of protococcus 
takes places in a manner similar to that already explained in 
the case of yeast, and the conditions of its growth are similar. 
The plant must be supplied with water, food, and oxygen, and 
be kept at a proper temperature. The optimum temperature 
for growth is about 25° C. ; the minimum is much lower than 
the minimum temperature for yeast and bacteria, and the 
maximum is also lower. For healthy, continual growth and 
reproduction it will appear that light is also necessary. 

It will be convenient to examine here the nature of the 
tension in a turgid cell a little more closely than was possible 
in the case of the yeast-cell. When liquids are separated by 
a membrane which both can wet, they diffuse into each other 
through the pores of the membrane. The liquids may contain 
solids in solution, in which case if the solids belong to the 
class of crystalloids they diffuse through the membrane, but 
if they belong to the class of colloids (gums, starch, and other 
uncrystallizable bodies), they do not pass the membrane. The 
direction of the greater diffusion depends on the substance in 
solution as well as on the nature of the separating membrane. 
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If the membrane separates two solutions of the same kind, 

but different strengths, diffusion of the solvent is greater from 

the weaker to the stronger solution than from the stronger to 

the weaker, whilst diffusion of the 

dissolved substance is greater from the 

stronger to the weaker solution, and 

continues until the solutions on both 

sides of the membrane are of equal 

strength, 

6. Arrange an experiment as in 
Fig. 17. A, B is a funnel which has a 
piece of bladder tied across its open 
end. A strong solution of sugar is 
poured into it, and then the funnel is 
plunged into a tumbler of water, so 
deeply that the water in the tumbler 

stands at the same level, B, as the sugar pm, ,,.— oiffuaon t.ptri- 
solution in the funnel. Ine" 'iaitr j^aTb™™"! 

Diffusion commences, and the level conMining loiudan of 
of the soluuon in the funnel is seen 

to rise above the level of the water in the tumbler. It is 
evident that diffusion is greater in amount from the tumbler 
to the funnel (Endosmose) than from the funnel to the 
tumbler (Exosmose). A taste of the water in the tumbler 
shows that sugar has passed out from the funnel If at any 
moment the level of the liquid in the funnel is stationary at 
A, then the measure of the excess of the inward pressure of 
the endosmotic current over the outward pressure of the 
exosmotic current is given by the column of liquid. A, B. 

It is evident from this experiment that osmosis is capable 
of producing a difference of pressure. 

7. Arrange an experiment as in Fig. 18. This represents 
a section of a wooden box, or any other vessel of a convenient 
shape and size which will hold water. Across it are two 
partitions of parchment paper or bladder, and for a rough 
experiment it will be sufficient that the membranes be firmly 
attached all round to the vessel with marine glue or coaguline 
and allowed to dry thoroughly. Into the chamber A place 
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a solution of barium chloride, into C place a solution of 
sodium sulphate, and into B, the middle chamber, distilled 

water. Use 
equal quantities 
of weak solu- 
tions, and let the 
weight of sodium 

Fig. i8.— DifTusion experiment. A conuins barium chloride ; SUlphate USCd be 
B, water ; C, sodium sulphate. . ., • i.*. _r 

*^ to the weight of 

barium chloride as 2 : 3. Allow the piece of apparatus to 
stand perfectly stilL 

Both solutions diffuse into the middle chamber, and where 
the molecules come in contact a double decomposition is set 
up, according to the following equation : — 

Na^SO^ + BaCt = BaSO^ + aNaCL 

The barium sulphate which is formed is a white insoluble 
powder, and as fast as formed it sinks to the bottom of the 
chamber B. A continual diffusion thus goes on, by reason of 
which, in time, A and C lose the salts they held in solution, 
until at length a mixture of their contents produces no pre- 
cipitate. 

It is evident from this that if by any means a substance 
is taken out of solution as fast as it diffuses through the 
membrane, the process of osmosis will continue as long as 
there is a supply of the diffusible substance, and the removing 
cause remains efficient. And a little reflection will convince 
that any change in the diffused substance must produce a 
continuous diffusion current, because so long as there is 
change there is impossibility of producing equal strengths of 
solution on both sides of the membrane. 

A protococcus cell may be looked upon as a closed bag 
with a double wall — the outer of cellulose, the inner of pro- 
toplasm. No substance can be nutrient which cannot diffuse 
through both membranes. The cell-sap which saturates the 
protoplasm and fills the vacuoles, where there are any, is a 
thin watery fluid, holding in solution inorganic substances 
absorbed from the nutrient solution in which the cells live, 
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and organic compounds produced by the metabolism of its 
protoplasm. There is this resemblance between the pro- 
tbcoccus cell and the endosmometer described in Exp. 6. 
The space or spaces containing cell-sap may be likened to 
the funnel containing syrup, the nutrient liquid outside the 
cell to the water in the tumbler, and the bladder to the walls 
of cellulose and protoplasm. There is an endosmotic current 
into the cell and an exosmotic current out of it. But many 
of the substances which enter the cell are changed inside it 
by the metabolic activity of the protoplasm, and therefore so 
long as metabolism is active the endosmotic current of nutrient 
substances continues. If there is any substance in the nutrient 
solution which the plant does not use in its metabolism, 
equilibrium between the strength of its solution inside and 
outside the cell is soon reached and kept If endosmose is 
more active than exosmose for any reason, e.g, if the walls of 
the cells expose more resistance to the exosmose of the pro- 
ducts of metabolism and of water than to the endosmose of 
substances in solution in the surrounding liquid, Uien the 
pressure inside the cell will be greater than that outside, or, 
in other words, the. cell will be turgid and its walls will be 
stretched. That this is the case, and that the protoplasm 
is the resisting agent, has been abundantly proved by 
experiment 

8. Mount some cells of protococcus in water and place 
under a microscope. Put a small crystal of common salt or 
nitre in contact with the water at the edge of the cover-glass, 
and watch. 

The salt enters slowly into solution. The protoplasm is 
seen to leave the cell-wall, and a clear space appears between 
the cell-wall and the protoplasm (Plasmolysis). The salt 
can readily pass through the cellulose wall, but not so readily 
through the protoplasm. If the salt solution is tolerably 
strong, it withdraws so large a quantity of water from the pro- 
toplasm that the latter seems shrivelled up into a small mass 
in the centre of the cell Careful measurement shows that 
the whole cell shrinks slightly as a first result of the action of 
the salt solution withdrawing water from it Other vegetable 
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cells, however, show this in a much greater degree (Fig. 19). 
Thus only weak solutions can pass through the protoplasm 
and therefore be nutrient 

To sum up. The wall of a growing cell is always on the 

lU. h 





D 

Fig. 19.— a, young parench3^atous turgid cell ; B, the same cell in 4 per cent, nitre 
solution, showing reduction in size ; C, in 6 per cent, solution ; D, in 10 per cent, 
solution, showing complete plasmolysis. h^ cell-wall ; /, protoplasm ; ki nucleus ; 
<:, chlorophyll corpuscles ; s^ cell-sap ; e* nitre solution which has entered the cell. 
(After De Vries.) 

Stretch in consequence of its protoplasm exerting a great re- 
sistance to the exosmose of organic products of its metabolism. 
The increase in size is rendered permanent by the conversion 
of a peripheral layer of protoplasm into cellulose and its de- 
position on the cell-wall, and this continues until the cell has 
attained its full size. 

An analysis of protococcus shows the same gaseous and 
ash constituents as in yeast and bacteria, with one addition — 
iron. It must be supplied with these elements in its nutrient 
solution, and generally in the same form. There are, however, 
remarkable and important differences between the conditions 
of life of protococcus and yeast. 

Since protococcus flourishes in rain-water, which can con- 
tain nothing but what it dissolves from the air and from the 
dust, it is evident that rain-water is a perfect nutrient fluid for 
it. It is better, however, to deal experimentally with a nutrient 
fluid of known composition. 
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9. Make up the following solution : — Add 300 grains of 
calcined bone containing tri-calcium phosphate, Ca8(P04)g, to 
half a pint of water, and then nitric acid to dissolve the bone- 
ash. Remove excess of nitric acid by adding potassium car- 
bonate, K2CO3, until the liquid is slightly turbid. In this 
operation carbon dioxide is evolved, and the solution becomes 
charged with it. Then add 170 grains of potassium nitrate, 
KNO3, 107 grains of magnesium sulphate, MgS04, and 46 
grains of potassium chloride, KCl, and make up to a quart 
by distilled water. Take one fluid ounce of this, raise it to a 
quart by distilled water, and add a single drop of sohition of 
ferric chloride, FeaCle. This is Wolff's nutrient solution for 
green plants. Transfer protococcus to this solution. 

It grows and multiplies well in it 

It must be noted that all the constituents of Wolff's solution 
are inorganic compounds, and particularly that the only com- 
pound of carbon present is carbon dioxide, which moreover it 
absorbs readily from the atmosphere with the other atmospheric 
constituents. Protococcus, therefore, unlike yeast, is wholly 
independent of organic compounds for its nutrition, and in 
particular it is able to do what neither yeast nor most bacteria 
can do, utilize carbon dioxide as a source of carbon. But 
carbon dioxide is a fully oxidized compound, which, unlike 
sugar and other organic carbon compounds, can not only not 
be a source of energy to the plant, but requires a continual 
supply of energy to decompose it And no other constituent 
of the nutrient solution can supply that energy since they also 
are fully saturated compounds. But decomposition must take 
place before constructive metabolism can make protoplasm out 
of these constituents. Whence, then, comes the necessary 
energy ? In the first place a certain minimum temperature is 
necessary for the nutrition, growth, and multiplication of 
protococcus. 

10. Remove carefully a layer of mud covered with Proto- 
coccus from a roof-gutter, place in water, and expose to 
sunlight 

It gives off a large number of small bubbles of a gas which 
appropriate experiments show to be oxygen. 
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11. Place the same in diffused light 
I..ess gas, or none at all, is given off. 

12. Place and keep it in darkness. 

Sooner or later all the protococcus cells die, and bacteria 
invade and render foetid the whole mass. 

13. Place some in a small bottle of water and cork tightly. 
Whether exposed to light or kept in darkness, all the proto- 
coccus cells die in a few days. 

It is clear that light and air are necessary to the life of the 
plant, which is evidently aerobiotic. Any other green plant 
placed under the conditions of experiments 10, 11, 12, and 13 
would give the same results. 

The following will throw some light on the foregoing 
experiments : — 

14. Take a wide glass tube closed at one end. Fill this 
with water containing a large quantity of protococcus. It will 
be better if a little soda or seltzer-water be added to it on 
account of the large quantity of carbon dioxide these mineral 
waters contain. Invert the tube in a vessel of water and 
expose to strong sunlight. By this means the bubbles of gas 
given off by the plant will collect in the upper part of the tube. 
When a fair quantity has been collected test it with a glowing 
match, and it will be found to be oxygen. 

15. Take well-boiled water and aerate it by passing 
through it air which has first bubbled through a strong solu- 
tion of potash. By this means all carbon dioxide is removed 
from the air. Use this water in an experiment similar to 14. 

No bubbles of gas are given off. 

The production of oxygen, therefore, in experiment 14 is 
connected with the presence of carbon dioxide, and more 
elaborate experiments have abundantly proved that in the 
presence of sunlight all green plants use up carbon dioxide 
and give off a volume of oxygen about equal to the carbon 
dioxide absorbed. We know that protococcus lives under 
conditions when its only source of carbon is carbon dioxide, 
and that any increase in its mass means an increase of carbon 
as well as of other constituents. It is therefore clear that the 
carbon which disappears is absorbed by the plant, that it 
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retains the carbon and liberates oxygen, and that ihe energy 
necessary to effect this decomposition is obtained from the 
rays of the sun, for if the apparatus be kept in 
darkpess there are no such results. 

16. Arrange an experiment as in Hg. 20. 
A is a lamp-glass closed at its upper end. At 
its lower end a tube passes through the cork 
and projects into the glass. The other end of 
the tube dips into a vessel, B, containing a 
strong solution of potash. A large quantity of 
protococcus on moist bark, etc, is put into the 
lamp-glass, which otherwise contains ordinary air. 

The effect is that the potash rises up the 
tube showing the absorption of carbon dioxide, 
which could only have been produced by the 
Protococcus. The diminution in volume of 
the contained air is oning to the absorption of 
oxygen by the plant. ^"l;,™~h!IEinB 

In the absence of free oxygen continued '^« abiorpiEon 
life is impossible. The plant exists for a short produci.on of 
time, as we have seen saccharomyces exists in bypraiococcus. 
a sugared nutrient solution deprived of oxygen, iuii?n T^ 
probably because it possesses a store of oxygen '"''■ 
which it can draw upon. When this is used up the plant 
dies. 

These experiments make it dear that protococcus in sun- 
light absorbs carbon dioxide and liberates oxygen, whilst in 
light or in darkness it absorbs oxygen and liberates carbon 
dioxide. 

Experiments of Engelmann and others have shown that the 
decomposition of carbon dioxide is most readily effected by 
the red and blue rays of the spectrum, and it is known that 
these are the rays which are absorbed by a solution of chloro- 
phyll outside the plant Engelmann had noticed that Backrium 
termo is not motile except in the presence of free oxygen. If 
a filament of a green plant is under the same cover-glass as 
these bacteria, the latter collect around the filament because 
It is giving off oxj^en. By placing the green plant in the 
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spectrum he found that the bacteria collected most Dumerously 
in the red and blue portions of the specinim about the lines 
B and C and 
beyond F, 
showing that 
in those pans 
most oxygen 
was being 
jllgi evolved 
^P' The agent 

for the absorp- 
tion of carbon 
dioxide and of 
light is the 
su-iao. chlorophyll. In 
Qf iho all chlorophyll- 
bearing plants 

but the very lowest in the scale of life, the chlorophyll is asso- 
ciated with individualized bodies of a protoplasmic nature, and 
in these chlorophyll corpuscles the absorbed carbon dioxide is 
decomposed and its carbon recorabined with other constituents 
to form organic compounds, the first visible product of this 
constructive metabolism being in almost all cases, starch. 
Thus the starch grains in the chromatophores of Prolococcus 
are accounted for. Engelmann observed the evolution of 
oxygen from isolated chlorophyll corpuscles, and this together 
with the fact that plants containing no chlorophyll, as well as 
the uncoloured parts of chlorophyll-containing plants, are 
incapable of decomposing carbon dioxide, sufficiently estab- 
lishes the proposition that it is this green substance which in 
the way described renders the green plant independent of 
organic nutrient substances. 

The substance or mixture of substances to which the name 
chlorophyll has been given has not yet been isolated. " It is 
a body the molecules of which are in a state of unstable 
equilibrium, any disturbance of the equilibrium causing the 
molecules to rearrange themselves so as to form compounds 
of a more stable character External influences of an 
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apparently slight character cause it to undergo considerable 
change, so much so that it may be considered liable to 
spontaneous decomposition. To this circumstance the difficulty 
of isolating it and ascertaining its properties and composition 
is mainly attributable. Chlorophyll is probably a body of 
complex composition and high atomic weight, such as might 
be expected in the case of a body playing so important a part 
in the vegetable economy." It is insoluble in water, but is 
easily dissolved out of the plant by alcohol, ether, chloroform, 
carbon disulphide, and other such solvents, but always in 
company] with other substances from which it has not been 
separated It certainly contains carbon, hydrogen, oxygen, 
and nitrogen, and in the ash of the residue from the evapora- 
tion of a solution are always found ferric oxide, and calcium, 
and magnesium phosphates. It is not thought, however, that 
the iron is a constituent of the chlorophyll, but of the sub- 
stances accompanying it, although it is known that chlorophyll 
is not formed in plants which are not supplied with iron. 

A solution of chlorophyll has a bright green colour, but 
shows a red fluorescence. As has been stated, its absorption 
spectrum shows bands in the red, blue, and violet portions of 
the spectrum. 

The exact share taken by chlorophyll in the assimilation of 
carbon dioxide is not certainly known. It may be that besides 
absorbing the necessary energy in the form of light, it acts as 
a carrier of carbon dioxide, holding it loosely, but in a con- 
densed form, and transferring it to its associated protoplasm 
which effects the actual decomposition, the chlorophyll acting 
like the haemoglobin of blood as a carrier of oxygen. 

From the carbon dioxide thus assimilated, and the mineral 
substances absorbed, the plant builds up proteids, and from 
the proteids are formed protoplasm. All constructive metabolism 
is independent of light except the initial decomposition of 
carbon dioxide. 

As in the case of yeast, and indeed of all living things, 
destructive metabolism is continuous whether constructive 
metabolism is going on or not. By it the protoplasm is broken 
down into simpler bodies. Some of the products of destructive 
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metabolism are held in reserve, to be again used in the con- 
struction of protoplasm; others are mechanically useful, and 
others again are excreted. Cellulose is known to be a product 
of the destruction of protoplasm, and starch and oil are almost 
certainly so. The destructive metabolism of protoplasm is 
accompanied by the absorption of oxygen — carbon dioxide, 
water, and amides being formed. This absorption of oxygen 
and giving off of carbon dioxide is known as Respiration^ 
and heat is set free in the process. 

The course of metabolism in a green plant may thus be 
represented — 

Metabolism. 

Constructive, Destructive^ 

Carbon dioxide, water, nitrogen Protoplasm 

compounds, mineral compounds | 

I Waste and plastic products and 
Carbohydrate and amides kinetic energy. 



Proteids 

I 

Protoplasm and potential energy. 

We can now strike a balance-sheet of income and ex- 
penditure of the green plant — protococcus and others. 

Income. Expenditure. 

Matter : Food-substances. i Matter : Carbon dioxide, water. 

Excess of cell-formation. 
Energy : Radiant (light and heat). [ Energy : Heat evolved. 

I Work done in growth and 

movement. 
Potential energy of organic 
compounds formed 

Balance in Favour of the Green Plant. 

Matter : Excess of tissue-foi*mation. 

Energy : Potential energy of organic compounds formed. 
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CHAPTER III. 

BACTERIA, OR SCHIZOMYCETES (FISSION FUNGI). 

I. Make a weak infusion of almost any vegetable or animal 
substance, e,g, hay, green leaves, potatoes, carrots, turnips, 
peas or beans, meat, in hot water; allow to cool down to 
from 30*^ C. to 35^ C, and keep it at that temperature exposed 
to air. 

In the course of a day the fluid becomes turbid, and on the 
surface a thin pellicle appears, 'which soon covers the whole 
surface of the liquid. The pellicle may be semi-transparent or 
dead white and opaque, with yellow, brown, red, and other 
coloured patches on it. It may be thin and tough, or crisp 
and easily broken through. 

2. Make such an infusion in a flask ; boil three or four 
times, with intervals of a few hours between consecutive boil- 
ings, and with the neck of the flask stopped with a plug of 
cotton wool Keep this at a temperature of about 30° C. 

No pellicle appears on the surface, although the cotton 
wool allows air to pass freely into the flask. It, however, filters 
all solid matters, even the smallest particles, from it 

3. Make an infusion of hay in warm water. Boil for an 
hour in a flask stopped with cotton wool, cool down to 30° C, 
and keep at that temperature. 

A pellicle forms on the surface. An hour's boiling is not 
sufficient to prevent its formation. 

4. Arrange another experiment as in 2, but leave the flask 
open and exposed to the air. 

Sooner or later a pellicle is formed on thie surface. It is 
obvious that the exciting cause in this case must come from 
the air. 
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5, Place pieces of cooked vegetables, such as boiled 
potatoes, carrots, turnips, greens, exposed to the air. Cover 
merely with a glass to exclude dust, and keep at a temperature 
of 30° C. 

In a day or two they will appear covered with variously 
coloured patches — white, red, pink, yellow, brown — of varying 
consistency, watery-looking and slimy, or dry on the surface, 
although gelatinous. Some are small dome-shaped elevations, 
others are irregularly shaped patches, and others still confluent 
slimy masses. 

6. Lay a small portion of a pellicle on a slide in a drop of 
water, cover with a cover-glass and examine with the highest 
power at command. 

The pellicle may appear to be striated, the striation being 
due to sometimes small rod-shaped, sometimes spherical bodies 
arranged in parallel rows. Or it may show motile rodlets from 
the substratum which will be seen darting about with great 
velocity, at the same time revolving on their own longitudinal 
axes. Or it may chance to contain very long thin rods which 
are sometimes bent upon themselves at sharp angles; or 
spirally twisted motile rodlets, some but slightly and others, 
much coiled. The gelatinous patches on the cooked vegetables 
show bodies of the same description. They are Bacteria^ or 
SchizomyceteS; the latter word meaning Splitting or 
Fission Fungi^ although there are many reasons for believing 
the bacteria are not true fungi. Although it is cettain that 
many which appear similar in shape and size are really different 
species, it is convenient to adopt form-names for them. The 
chief forms of bacteria are — 



Micrococci 

Macrococci 

Bacteria 

Bacilli . 

Leptothrix 

Spirochete and Spirillum 

Vibriones 



Small spnerical cells. 

Larger spherical cellji. 

Short rods. 

Longer rods. 

Long unbranched filaments. 

Spiral forms with narrow coils. 

Spiral forms with distant coils. 



It will be shown in the sequel that one and the same species' 
can assume several of these forms at different times. 

7. Spread out a small portion of a pellicle in a drop of 
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water on a cover-glass, and allow to dry. When quite dry 
l)ass the cover-glass, pellicle upwards, rapidly through a flame 
a few times, taking care to keep the thin layer of bacteria 
upward. The heat coagulates and Axes in position pellicle and 
cell-contents. Lay the cover-glass in solution of gentian 
violet, vesuvin, or methyl blue for five minutes, wash well with 
water, allow to dry, and mount in Canada balsam. 

The aniline colours stain bacteria intensely, and none 
more rapidly and deeply than those above named, especially 
gentian violet. The cells afe seen far better when stained 
than when unstained. 

In nearly all cases much smaller in diameter than yeast- 
cells, some of them being the smallest known living things — 
and many much less than i/a in diameter — they lie at the very 
limit of distinct vision even with the highest powers of ordinary 
microscopes. For their complete examination high power 
immersion objectives, with special arrangements for illumi- 
nation, such as the student will not often have at his 
command, are required. 

The bacteria are bodies of a low refractive power, consisting 
of a cell-wall which encloses homogeneous or slightly granular 
protoplasm. The outer layer of the cell-membrane is swollen 
and gelatinous, and in many cases contiguous cells are united 
by it, the whole forming the pellicle or slimy mass which holds 
together the colony. Such a coherent colony is known as a 
Zoogloea. In some bacteria the membrane is composed of a 
carbohydrate very closely allied to fungus-cellulose ; in others — 
the bacteria of the putrefactive processes — it is of an albuminous 
nature ; and to this latter substance the name Myeoprotein 
has been given. The cell-wall is extensible and elastic, rarely 
coloured, although in some of the red, blue, and yellow 
colonies the colour appears to belong to the cell-membrane 
rather than to the cell-contents. It is of course pervious to 
liquids and substances in solution like the cell-wall of yeast, 
since increase of the cell in size must generally be accompanied 
by absorption of food-stufif. 

The cell-contents are in most cases colourless protoplasm 
in which are imbedded granules of fat, particles of a proteid 
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nature (microsomata)^ and in some species small crystals of 
sulphur. In one species, Beggiatoa roseopersicina^ a red colour- 
ing matter, which Lankester has examined the nature of and 
called Baoteriopurpurin, is diffused throughout the proto- 
plasm. Three species are Vx^o^VL^-Arthrobacterium viride^ 
Bacillus virensy and Arthrobacterium chlorinum — which contain 
chlorophyll, and which are therefore able to decompose carbon 
dioxide. Nuclei are not known even in the largest forms. In 
some species immediately before spore-formation the contents 
of those cells about to form spores give a violet colour with 
iodine, showing that there is a starchy substance present 

It has been already stated that some bacteria are actively 
motile. The mechanism of movement is not known. It is 
known, however, that many are possessed of vibratile cilia, 
extremely thin threads which lash backward and forward 
through the water; but whether such cilia are processes of 
the cell-membrane or of the cell-contents is not known. And 
since many motile bacteria have no cilia, it is not necessary to 
suppose that cilia are essential to movement 

The conditions of nutrition and development of the 
schizomycetes correspond closely to the conditions of nutrition 
and development of the yeast fungi, and, like the latter, their 
most characteristic feature is, that whilst absorbing but a com- 
paratively small amount of the nutrient substratum for their 
growth and reproduction, they effect profound decompositions 
in the mass by their fermentative actions. An analysis of 
bacteria shows the same gaseous and ash constituents as 
are found in yeast, and it therefore follows that its food 
should contain the same elements as Mayer's nutrient solution. 
There is this difference, however, in the conditions of life of 
yeast and schizomycetes, that whereas the former flourishes 
best in acid solutions, the growth of the latter is arrested by 
acids and it does best in neutral or slightly alkaline solutions. 
Mayer's solution on this account is not very well suited for the 
cultivation of bacteria, as it is distinctly acid. The schizomycetes 
do not convert sugar into alcohol, and this constituent is not in 
general necessary for a complete nutrient medium. The best 
is a solution containing peptones and mineral constituents, and 
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infusions of animal and vegetable substances like those above 
described are of this nature. 

In or on such a solution, as well as on a solid substratum 
of organic matter, the plant is living the life of a Saprophyte, 
i.e. it is getting the bulk of its food in the form of complex 
organic substances not forming part of living tissues. Some 
schizomycetes are capable of spending part of their lives in 
the interior of living animal tissues or the cavities of living 
animal bodies, and such are Facultative Parasites. A few 
are known to be Obligate Parasites—incapable of develop- 
ment outside living bodies. The schizomycetes known to be 
parasitic on vegetables are extremely few, and the reason is 
probably this. They are not capable of piercing cell-walls, 
and those intercellular spaces of plants which open to the 
exterior contain no nitrogenous compound capable of affording 
them nourishment. But after the attacks of parasitic fungi, 
which break down cell-walls, as well as after application of 
moist heat (cooking), which breaks up the cells, abundance of 
bacteria will be found in them. 

Both aerobiotic and anaerobiotic species of bacteria are 
known. 

The optimum temperature for the growth of most schizomy- 
cetes is from 30° C. to 35° C. The minimum is somewhat 
higher than that for yeast, and the maximum is also slightly 
higher. The optimum temperature for the germination of 
spores varies from 30*^ C. to 40° C. in the different species, 
and the minimum is not much below 20° C. for most, and 
above that temperature for some species. 

Whilst the vegetative forms are killed by moist heat at 
about the same temperature which kills yeast cells, the spores 
of the endosporous species are more resistent to heat and to 
desiccating agents than any other known organism. Spores of 
Bacillus anthracis are not killed by being placed in absolute 
alcohol, nor by three years' drying in the air. Boiling in 
nutrient solution for fifteen minutes does not destroy them. 
The spores of Bacillus butyricum and Bacillus megaterium 
have equal powers of resistance. Pasteur says that some 
spores can stand a temperature of 130° C. Spores of Bacillus 
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sitbtiiisy the bacillus of hay infusions, germinate better and 
more rapidly after boiling (Exp. 3). On the other hand, 
Frisch found that bacteria of putrefaction retained their power 
of development after having been cooled down to - 111° C, 
and the bacillus of typhoid fever has been found still alive in 
ice which has remained frozen for 103 days. The reasons 
for the successive boilings and coolings of Exp. 2 are liow 
seen. Boiling the fluid killed the vegetative forms and 
hastened the germination of the spores, the vegetative forms 
thus produced being killed at the next boiling. At the end of 
the experiment the liquid is completely sterilized. 

The advantages to the plant of having its spores so resistent 
to extremes of temperature and to desiccating agents are 
obvious. 

In their methods of multiplication the schizomycetes 
differ fundamentally from the saccharomycetes. As their name 
implies, the former multiply by the fission or splitting of cells. 
A cell-wall is formed across a pre-existing cell, and the 
products of the division are in all cases similar in character 
to the cell from which they are formed. Very frequently 

g a rod or threadlike chain of 
cells is formed in this manner, 
the cells remaining connected 
at their extremities, and in 
this case, which is perhaps 
the most common, the suc- 

A< ^o (Ri ^ J/ ^^ssive division walls are in 

^ 1?^ Iftl W Jr parallel planes. Frequently, 

however, the division walls 
are not formed in parallel 
planes, and the result is an 
irregular mass of cells as we 
find on solid substrata. It is 
not easy to see that these 

cellular rod ; <f-/; rods forming spores ; r, ■% ,. j* -j j i_ . 

rod with ripe sjjorcs ; g^i, germination of TOGS are really aividea by 

spores in a nutrient solution. (DeBary.) partitions. If, hoWCVCr, SUCh 

a large species as Bacillus megaterium be treated with alcoholic 
iodine solution, the division walls appear clearly on account 




Fig. as. — Bacillus megaterium. a, motik 
chain of rods ; 6 and c, rods ; /, a quadri 
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of the staining of the protoplasm aad its withdrawal from tlie 
cdl-walls. 

The endogenous formation of spores — one in each cell — has 
been observed in a large number of schizomycetes, and these 
are clasdfied together as Endosporous Bacteria ; the others, 
ArthrOBporoua Bacteria, so far as is known, form no spores 
in their cells, although the individual cells of a series fre- 
quently separate and become the starting members of new 
series, 

As an example of endosporous bacteria may be sketched 
the life-history of Bacillus sublilis, the fonn which appears 
in hay infusions. The pellicle consists of parallel strings 
of the bacillus united by the gelatinous outer membranes 
of the cell-walls. Treatment with iodine or staining with 
gentian violet enables us to see that the strings are composed 
of rodlets united end to end. These are constantly dividing, 
but a magnification of at least 1000 is necessary to show the 
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actual process of segmentation of the cell. If the plant be 
deprived of nourishment it proceeds to form spores. A highly 
refractive particle appears in a cell and rapidly increases in 
size, whilst the general protoplasm of the cell disappears, until 
at length the completed spore is seen to lie in the mother-cell. 
The spore is set free by the disappearance, in the course of ft 
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few hours, of the cell-wall of the mother-cell. It germinates 
readily in a nutrient fluid at about 35° C, more readily if first 
boiled for a short time. In germination the spore-wall splits 
on one side and a germ-tube protrudes transversely. This 
increases in length whilst one end of it still remains in the 
empty spore-membrane. When first formed the rod is motile 
and furnished, it is said, with cilia ; it divides and subdivides 
whilst SI 




rapidly through 
the liquid. When 
the firee oxygen of 
the substratum has 
been exhausted, it 
rises to the sur- 
face, loses its 
power of move- 
ment, and the 
formation of a 
pelhcle is com- 
menced. 

Beggiatoa alba 
is a good example 
of the arthrospo- 
rous bacteria. It 
forms tufts of fila- 
ments attached at 
one end to fixed 
objects in sulphur 
springs, dirty 
water, and water 
containing decay- 
ing algfe, especi- 
ally Characeae. It 

may generally be fig. a^ _„ _. 

readily procured P^^'f'P^a-™''^ k.«'""< v^. 

from pieces of vulcanized rubber allowed to stand in water. 
The threads vary in thickness from r/i to 5^ and they contain 
numerous strongly refractive sulphur granules which hide the 
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division walls until the sulphur is dissolved out with carbon 
disulphide, or until the threads are stained^ The constituent 
cells of the threads readily separate from each other, round 
themselves off, and become actively motile cocci, which ulti- 
mately come to rest, attach themselves, and develop again into 
rods, or threads, or form jelly-like patches. Occasionally 
division of the cells of thick filaments into four daughter-cells 
by division walls in planes at right angles to each other may be 
observed (Fig. 24, 8). Motile spirals are sometimes developed, 
and even the attached threads are frequently spirally bent and 
show slow movements of their free ends. 

The effects of the schizomycetes on the substratum are 
many and varied, and depend as well on the species living 
and multiplying in it as on the nature of the substratum itself. 
These effects are not wholly analytical, as is the case in the 
alcoholic fermentation by yeast, but with some species of schizo- 
mycetes synthetic changes also occur. They are all true 
fermentative processes, but whereas the term fermentation is 
commonly applied to the changes brought about in the carbo- 
hydrates and allied compounds by the living activity of organ- 
isms, the decomposition of albuminoids under their influence 
is generally termed putrefaction, not because there is any 
reason to suppose that the changes are essentially different in 
character from those which the carbohydrates undergo, but 
because of the foetid character of the products. 

Arthrobacterium {Mycoderma) aceti (mother of vinegar), a 
micrococcus, in the presence of abundance of free oxygen, 
brings about the oxidation of ethyl. alcohol to acetic acid, and 
this is made use of on a large scale in the manufacture of 
vinegar. 

CjHeO + 02 = CSH4O2 + H,0 

Alcohol. Acetic acid. 

The oxidizing action of the plant becomes too vigorous 
when well supplied with food, and the acetic acid is further 
oxidized to carbon dioxide and water. Complete combustion 
of the first products of fermentation are also brought about by 
other bacteria, e,g. Bacillus subtilis and Bacillus Megaterium, 

The Viscous or Mannitic fermentation of sugar is 
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effected by a micrococcus of diameter i/a to i-4/)t. Wines or 
other fermented fruit juices such as cider are subject to this 
fermentation, when the unahered sugar which they contain is 
converted by the fermentative action of the bacterium into 
dextrine, mannite (a natural sugar), carbon dioxide, and water. 
The liquid becomes viscous. 

When urine is exposed to the air, sooner or later it loses its 
acid reaction and becomes alkaline in consequence of the urea 
which it contained at first having been converted into ammo- 
nium carbonate. A pure solution of urea remains unaltered if 
exposed to air, because such a solution does not contain the 
nutrient matters necessary for the support of life. The change 
is one of hydration — 

CH4N2O + 2HaO = (NH4)2C03 

Urea. Ammonium carbonate. 

and is brought about, as Pasteur and Van Tieghem have 
shown, by a micrococcus of extremely small size, not more 
than '2/* in diameter. 

The Lactic fermentation is wholly an analytical change, in 
which milk-sugar and grape-sugar are converted into lactic 
acid. 

C6Hx206 = 2C3Hg03 

Grape-sugar. Liactic acid. 

The determining cause of the lactic fermentation was found 
by Pasteur to be an anaerobiotic bacillus. Milk and sugary 
solutions containing albuminoids are subject to this fer- 
mentation. When milk or such a solution "turns sour" 
the milk-sugar or cane-sugar first suffers hydrolysis and con- 
version into grape-sugar, as in the case of the alcoholic 
fermentation by yeast The lactic fermentation does not 
continue until the whole of the sugar is converted, unless the 
acid is neutralized as fast as formed, on account of the inability 
of the ferment to thrive in acid solutions. 

Lactic acid and substances which undergo the lactic 
fermentation are capable of being converted into butyric acid 
under the influence of an anaerobiotic motile schizomycete, 
Clostridium {Bacillus) butyricum, about 2/x in diameter up to 
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20/i in length. Sugars and other carbohydrates, tartaric, citric, 
and other acids are examples of the compounds giving rise 
to butyric acid under the action of this bacillus. Free 
oxygen destroys the power of Clostridium butyricum to bring 
about this change. 

The decomposition of animal tissues in the process of 
putrefaction has been investigated by Pasteur and many others, 
who' have shown that it consists of a complete series of fer- 
mentations and combustions, brought about by the vital 
activity of anaerobiotic vibrios and aerobiotic bacilli, mucors, 
and other organisms. Putrescible matters first nourish some 
forms, usually Bacterium termo^ which uses up the free oxygen. 
Then a film of bacteria and mucors forms on the surface, 
which shields the substratum from the atmosphere, whilst 
vibrios flourish beneath. The proteids suffer oxidative de- 
composition into the amides — Leucin and Tyrosin. Then 
follows a series of successive fermentations on more and more 
simple products. Acetic, propionic, butyric, and other volatile 
fatty acids are formed ; ammonia, compound ammonias, sul- 
phuretted hydrogen, and other putrid gases are given off", with 
carbon dioxide, hydrogen, and nitrogen, the more complex 
compounds formed by the vibrios beneath being oxidized to 
simpler compounds by the bacteria and mucors on the surface. 

It is now a matter of common experience that the necessary 
conditions to prevent putrefaction in animal matters are those 
which render the medium unsuitable for the growth and mul- 
tiplication of bacteria. The long-held opinion that albuminoids 
and compounds allied to them are necessarily very unstable 
compounds has been shown to have no foundation in fact 
Meat can be preserved for any length of time if it be kept at 
the freezing temperature of water, because at that temperature 
bacteria cannot develop, or if after all germs in it have been 
destroyed by heat it be kept from the floating germs of the 
atmosphere, or if it be completely dried, or if it be covered or 
impregnated with any antiseptic compound such as common 
salt The system of antiseptic surgery, by which a wound 
is shielded from floating germs by septicides, has enormously 
reduced the mortality following serious surgical operations. 
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It has been quite clearly proved that many of the parasitic 
schizomycetes excite disease in their host by virtue of their 
parasitic properties. In anthrax, a disease chiefly affecting 
the lower animals, erysipelas, recurrent fever, fowl-cholera, 
silk-worm disease {Flacherie), consumption, and many others, 
the exciting causes have been shown to be species of schizo- 
mycetes. The cells of the bacillus of anthrax. Bacillus 
anthrads, are about 3/A in length by i/a in thickness, and are 
connected together into straight rods of various lengths. 
When introduced into the blood of an animal they multiply 
rapidly, and the result to the animal is usually fatal, although 
some are far more susceptible than others to the attacks 
of this parasite. Whilst in the body of the animal B. 
anthracis does not form spores, but rods expelled from the 
animal in its faeces produce spores on the pasture-ground, and 
these are doubtless eaten by other animals, thus spreading the 
disease. B. anthracis is thus a facultative parasite. It is 
capable of passing its whole life outside the animal body, but 
it is also capable of passing a portion of it inside the animal 
body. When cultivated in a neutral nutrient solution, with 
plenty of free oxygen, and at a high temperature, it multiplies 
freely but does not form .spores, and its destructive properties 
undergo such a weakening that it can no longer excite disease 
in even the most susceptible animal Inoculation of an animal 
with this attenuated form gives it immunity against anthrax, 
just as inoculation with Micrococcus vaccines ( Vaccine lymph) 
is a protection from smallpox. The protection thus afforded 
is due to the production of a soluble substance by the germs 
of the disease. This substance may be obtained free from 
germs by killing them by heat or removing them by filtration 
through porcelain, and it has been shown that such solutions 
have the power of protecting the vaccinated animal from 
septicaemia, anthrax, typhoid fever, diphtheria, tuberculosis, 
and other diseases if the germs of the disease happen to enter 
the blood or tissues by chance infection. 
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CHAPTER IV. 

MUCOR, 

I. Damp a piece of bread, and put it under a glass so as to 
keep it in a moist atmosphere. In a day or two it will be 
found covered with white fleecy threads, and on the ends of 
some of them appear small black knobs large enough to be 
seen with the naked eye. The threads are probably hyphse of 
Mtuor mucedoy or of some other species of Mucor^ and the 
black knobs are Sporangia containing Spores. 

2. Make a damp chamber for the microscope by taking a 
piece of cardboard the size of a glass slide, cutting a round 
hole rather smaller than a cover-glass in the middle of it, 
and binding it on the slide at each end with a piece of string. 
Then soak it in water until soft Other and better damp 
chambers can be bought or made, but this is sufficiently good 
for our purpose. Place a drop of water in the middle of a 
cover-glass, add to it a very small quantity of the liquid from 
some preserved fruit such as ordinary household jam, place in 
it one of the Mucor sporangia, and invert it on the cardboard 
so that the drop hangs freely in the chamber. If the cardboard 
be wetted occasionally there will be no evaporation from the 
drop worth speaking of. Place under as high a power of the 
microscope as can be brought to bear upon it, and examine 
frequently the course of germination of the spores. 

The wall of the sporangium dissolves as soon as placed in 
water, and the spores will be seen to lie in a thin mucilage. 
Each spore is slightly oval, about lo/x, in its longest diameter 
and 8/A in its shortest. It has a very distinct doubly outlined 
wall of fungus cellulose, and granular protoplasmic contents. 
In the course of a few hours the spore increases considerably 
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in size, the double outline of the wall becomes less distinct, 

and a large irregularly shaped vacuole forms within it Then 

the wall bulges 

slightly at one or 

more points, and 

at these points 

the outer wall is 

pierced through, 

and the inner 

wall protrudes 

as a cylindrical 

germ-tube with ^*^* ^'^Mttcor mucedo, a, B, C^ D, E, successive stages in 

^ . the development of the spore in % nutrient solution; F, 

hyaline prOtO- mycelium developed from a single spore f the hyphae are 

I . not quite normal on account of the mycelium being sub- 

plasmiC contents. meiced) ; S, the spore ; sp, sporangium : /; germ-tubes ; 

The develop- ''^ <fivi«»on waiu. 

nient is now very rapid, the genn-tube frequently doubling its 
length in less than an hour, branching and spreading in all 
directions. The threads thus produced are known as Hyphse. 
For a considerable time no division walls are formed in the 
branched tube, and a layer of protoplasm remains in and 
clothes the wall of the spore, rendering it a permanent portion 
of the plant. 

Sown on the surface of damp bread, fruit, dung, or such 
a nutrient solution as Pasteur's, with either ammonium tartrate 
or peptones, the spores germinate as just described, and, in- 
terlacing their hyphae, form a dense Mycelium, which soon 
covers the whole surface, clinging closely to it and penetrating 
into it. Soon branches of the hyphse rise erect into the air to 
the height of an inch or more. These are Sporangiophores 
(sporangium-bearers), and are stouter than the majority of the 
mycelial hyphse. If equally illuminated on all sides, they 
grow vertically upwards and are on that account said to be 
negatively geotropic. If the light is stronger on one side 
than on the other then they incline towards the light, and are 
therefore said to be positively heliotropic. The mycelial 
hyphae are distinctly positively geotropic. In our damp 
chamber cultivation it will be found that the sporangio- 
phores which arise from the mycelium, for a portion of their 
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growth, remain immersed in the nutrient fluid, and then bend 
downward to grow out of the banging drop. The tendency 
of an organ to grow away irom moisture is called negative 
hydrotropism, and the sporangiophore is accordingly uega- 



lioR. (Bnfeld.) 

tively hydrotropic, but at first its negative geotropism is 
more potent than its negative hydrotropism, whilst later the 
reverse is the case. 

Up to the time of the formation of the sporangiophore 
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the :wrhole mycelium consists of a simple, unseptate, profusely 
branched cell the centre and origin of which is the spore, but 
now the sporangiophore swells at its apex into a sphere, a 
division wall forms beneath it and cuts off the sporangium 
from the sub-aerial hypha which bears it This hypha, however, 
continues growing in Mucar mucedo in such a manner as to 
protrude into the cavity of the sporangium a club-shaped 
portion, the Columella. Its growth is then ended. Other 
division walls now appear in the mycelial hyphae, but at very 
irregular intervals. 

3. Mount a portion of the mycelium in water, and examine 
with a high power. 

Note the tubular branched hyphae with rare division walls, 
and the colourless granular protoplasm with frequent large 
vacuoles. 

4. Mount a portion of the mycelium in one per cent, 
solution of osmic acid. 

Most of the granules, some of which in the older hyphae 
are very large in proportion to the size of the hyphae, are 
turned brown. This shows that they are particles of fat. 

5. Mount another portion in solution of iodine in potassium 
iodine. 

The walls are unstained ; most of the contents show the 
yellow 'protoplasm reaction. Places here and there show a 
strong reddish-brown colour. This is the reaction for Gly- 
cogen^ a carbohydrate nearly allied to starch, and which is 
occasionally met with in the fungi. Nothing takes on a blue 
colour, showing that starch is not present. Proper treatment 
brings out the fact that a large number of very small nuclei 
are imbedded in the protoplasm (Strasburger). 

6. Treat another portion with iodine and then sulphuric 
acid. 

The walls of the younger portions of the mycelium, as well 
as those of the sporangiophores, are coloured blue. We have 
here, therefore, to deal with ordinary cellulose. 

Immediately after the sporangium is cut off from its 
sporangiophore by the division wall, the protoplasm of the 
former is divided into a very large number of parts by the 
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fonnation of very delicate, clear partition walls, and each 
portion of protoplasm thus isolated rounds itself off and takes 
on a stout cellulose coat. The wall of the sporangium, which 
is covered on the outside with small radiating crystals of 
Calcium Oxalate, becomes so altered that, placed in water, 
it immediately dissolves and liberates the enclosed spores, 
the partition walls between them swelling up into a mucilage 
which for a time holds the spores together. The wall of a 
young sporangium immersed in water does not dissolve. A 
portion of the base of the sporangial wall remains attached to 
the base of the columella, and is called the Collar. The 
sporangiophore, with its columella and collar surrounded by 
spores, are all that are seen when a ripe sporangium is mounted 
in water and examined. The spores require no resting period, 
but under proper conditions of nutriment, oxygen, and tem- 
perature, they germinate immediately. 

Generally the development of Mucor mucedo ends with 
the production of spores, but under certain conditions other 






Fig. i&,^RhizoPus nigricans. a-€, successive stages in the fonnation of a zygospore. 

(DeBary.) 

reproductive bodies are formed on the mycelium. Two 
branches, similar in size and appearance, but different in 
origin, arise and approach each other until their points are 
in contact. Division walls cut off the apical portion of each, 
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the wall between these apical portions disappears, and their 
contents unite to form a Zygospore. The process is the 
sexual one of Conjugation, the conjugating cells are 
Gametes, and the remaining portion of each gamete-bearing 
hypha is named a Suspensor. Zygospores are most freely 
produced on a substratum of dung in spring. Strasburger 
says that they can be easily obtained at any time by sowing 
spores of mucor in concentrated plum juice mixed with from 
ten to twenty per cent of ethylic alcohol in a damp chamber. 
The ripe zygospore is coated with a thick black Exospore 
(outer coat), covered with warty protuberances, and within 
this is a delicate Endospore (inner coat). Very many species 
of the Mucorini produce no zygospores, and the zygospores 
of some which do are not capable of germination. In all 
cases the number of spores produced is far in excess of the 
number of zygospores. 

The zygospore is not capable of immediate development 
It has a resting period of several months. Then, under 
favourable conditions of temperature and nutriment, the 
exospore biu^ts and the endospore protrudes as a germ-tube 
— a pro-mycelium — which immediately produces an ordinary 
sporangiophore (Fig. 27). The sexually produced zygospore 
invariably produces asexual spores, but many generations may 
pass before sexual organs are again produced. 

Two species of Mucor, viz. M, tenuis and M. fusiger^ as 
well as others of the Mucorini, are known to produce gametes 
which do not conjugate, but yet form reproductive cells similar 
in appearance and equal in capability for germination to 
zygospores. These are known as Azygospores. Such spores 
are said to be parthenogenetically formed. 

Mucor mucedo is a saprophyte. It is one of the commonest 
of all the moulds, being found on the most diverse nutrient 
substrata. The mycelium, lying in or on the substratum, 
functions as a root absorbing nutrient matters for its own 
maintenance as well as for that of the sporangiophore, which 
being in the air, is not an absorbing organ for solids in solution. 
The entrance of food compounds into the hyphse, and the 
course of constructive and destructive metabolism in the plant 



78 



Practical Elementary Biology 



are as have been already described for yeast One very 
striking illustration of the endosmotic activity^ of the absorbing 
mycelium of Mucor is given by the fact that very frequently 
small drops of water are found on the sporangium. This 
water^ with nutrient substances in solution, is absorbed by 
the hyphge of the mycelium with so much energy that it is 
forced out through the wall of the sporangium. It is hence 
evident that the protoplasm there does not exert so much 
resistance to the exosmose of water as does the protoplasm 
of the mycelial hyphae, and we have thus an instance of a 
vegetative cell whose protoplasm at two different points has 
different osmotic properties. 

Most of the Mucors are saprophytes, and, like other sapro- 
phytes, their most suitable nutrient solution is one containing 
peptones. They can, however, make use of both ammonia 
compounds and nitrates as sources of nitrogen. Since they 
possess no chlorophyll they cannot decompose carbon dioxide. 
A slightly acid solution is better for them than a neutral one. 

Mucors are known which are parasitic in warm-blooded 
animals, and Mucor stolonifer and M, racemosus, ordinarily 
saprophytes, can make their way through the tissues of sound 
juicy fruit once the rind is broken, and set up alcoholic 
fermentation of their sugary juices, thereby rotting them. 
Under normal conditions of growth, the Mucors obtain 

their oxygen for respiration 
in the free state from the 
air or from the solution in 
which the mycelium lies, 
and are therefore aerobiotic. 
If, however, the mycelium 
of some of them be im- 
mersed in a sugared nutrient 
solution which contains but 
little free oxygen, they de- 
compose the sugar, as yeast 

Fig. 2^,— Mucor mucedo growing submeiged dOCS, bringing aboUt a regU- 
with insufficient air. (Pasteur.) < i i i • /• . • 

lar alcoholic fermentation. 
When this is the case, the development of the plant and the 
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structure of the mycelium is not normal Instead of producing 
long, branched, and in the main unseptate hyphse, it forms short 
globular cells which have the power of producing similar cells 
by sprouting. This form is so much like yeast — except that 
the sprouts are very much larger, even up to 40/1 in diameter 
— that it has received the name Mucor yeast These sprouting 
cells, germinating with plenty of free oxygen, produce a normal 
mycelium. Pasteur showed that Mucor racemosus causes a 
fairly active fermentation in a sugared solution, but the fer- 
mentative activity of Mucor niucedo is small. Living in or on 
a sugared nutrient solution and supplied with plenty of free 
oxygen, no more sugar is decomposed than is necessary to 
supply the plant with carbonaceous food, or, at any rate, if 
alcohol is produced under these circumstances, it is burnt by 
the plant as fast as formed (Pasteur). 
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CHAPTER V. 
PENICILLIUM, 

One of the commonest of all the moulds, Penicillium^ is 
found living on the most diverse substrata where only traces 
of moisture and nutriment are to be found. The mucor on 
the piece of damp bread used for the last lesson is soon 
crowded out and replaced by a green mould, which rises but a 
slight distance above the surface. This is almost certainly 
Penicillium crustaceum^ or some other species of penicillium. 
On a clear substratum, e,g, on the surface of a nutrient liquid, 
it spreads in all directions from a centre, sending its mycelium 
into the liquid and raising hyphge to no great height above the 
surface. The advancing edge of the mycelium is white, but 
it shades a deeper and deeper green towards the centre, where 
the colour is a deep sage green. The green colour is given by 
a fine powder, and this powder is a mass of spores. 

1. Mount a few spores in a drop of nutrient solution and 
hang in a damp chamber, following the directions given for 
mucor. Watch the germination of the spores. 

The spores are spherical cells from Sft to 6/1 in diameter, 
with no obvious double wall and with granular protoplasmic 
contents. A nucleus has been observed in each. The con- 
ditions and course of germination are very similar to those of 
the spores of mucor. A germ-tube is protruded whose limit- 
ing membrane is continuous with the layer of the inner surface 
of the spore-wall. The tube increases rapidly in length and 
generally it attains some size before branching. As already 
described, on a suitable substratum, a dense mycelium of 
interlaced hyphae is formed. 

2. Take a small portion of the mycelium, tease it out well 
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with needles in a drop of water on a glass slide, cover with a 
cover-glass, and examine with a high power. 

Note the branched hyphae divided into rather long cells 
by cross division walls. All division walls are formed in the 
cell at the apex of each hypha, and the whole hypha there- 
fore consists of an apical cell, and of cells successively cut off 
from it Small vacuoles are to be seen in the copious granular 
protoplasm. Strasburger states that many small nuclei are 
present in each cell 

3. Treat with one per cent, solution of osmic acid. 

The brown coloration shows abundance of fat Fifty per 
cent, of the dry weight of old mycelium of penicillium is fat 
formed in the destructive metabolism of protoplasm. Iodine 
shows no starch, and iodine and sulphuric acid give no blue 
coloration with the cell-walls. 

As the mycelium develops, very numerous branches rise 
erect in the air and branch copiously in a penicillate manner, 
forming a brush-like head. The erect branch is a Gonidio- 
phore (or Sporophore), and its ulti- 
mate branches all reach to about the 
same level At their extremities are 
club-shaped cells, Basidia or Sterig- 
mata^ from the swollen apex of each 
of which is formed, by a process of 
growth and constriction (Acrogenous 
abjunctlon) a series of Spores 
(Goziidia)j the youngest and smallest 
of which is the one next the sterigma ; 
the oldest, the one farthest off. The 
process of abjunction may continue 
for a considerable time if sufficient 
nutrient material is available. The 
abjointed gonidia form a string re- 
maining attached to each other for some time. They are 
eventually set free by the dissolution of a connecting material. 
The sporophore makes no further growth after abjunction has 
once commenced. The spores are ready to germinate at once. 
They have a very wide choice as regards the nutrient substra- 

G 




Fig. yi.—Penicillum glaucum. 
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turn on which they can germinate, and according to Wiesner 
a very wide range of temperature, the minimum being as low 
as 1'^^ C. or 2^ C, and the maximum 40° C. to 43° C Like 
the spores of Mucor, the necessary and sufficient conditions for 
their germination are a supply of nutrient materials, water, 
oxygen, and some heat. 

Other reproductive organs are produced by PenicilUum when 
placed under conditions which do not often occur in nature. 
If the plant be allowed to make a vigorous growth under 
ordinary conditions, and be then placed in the dark with a 
good supply of nutrient materials, but a limited supply of 
oxygen^ it forms no more gonidia, but produces Sporocarps 
by a process which is almost certainly sexual. Two short 
branches of the mycelium make one or two turns round each 
other in corkscrew fashion, closely applying themselves to each 
other, but no actual conjugation has «ver been observed. One 
or both of these Gametes begins to branch, the branches 
eventually producing Ascij and at the same time neighbour- 
ing hyphse grow up around them and finally enclose them in a 
many-layered cellular envelope, through the inner layers of 
which the Ascogenous hyphse ramify. The sporocarp thus 
produced is spherical, yellow, and nearly half a millimetre in 
diameter. No further development takes place for seven or 
eight weeks, but at the end of that time, if the conditions aire 
favourable, the ascogenous hyphae in its interior produce asci, 
which are developed at the expense of the inner layers of the 
wall of the sporocarp. Each ascus contains eight ascospores. 
Finally the walls of the asci themselves are absorbed, and the 
sporocarp consists merely of a one-layered envelope enclosing 
a mass of Ascospores (see Fig. 31, which represents a process 
similar in the main to the development of the sporocarp of 
Penicillium). The ascospores germinate and produce a myce- 
lium which bears ordinary sporophores. 

The various species of Penicillium are saprophytes. Like 
the mucors, they can make use of ammonia compounds as 
well as of nitrates as sources of nitrogen, but they do best in 
a solution containing peptones and sugar. Again, like mucor, 
they can vegetate in the tissues of sound juicy fruit once the 
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rind is broken for their entrance, and may so far be said to be 
parasitic, but no species of Ptnicillium is Itnown to develop, 
in animal bodies. 

The myceliun] growing in or on the nutrient substratum is 




the absorbing portion of the plant, and the conditions of 
absorption are practically similar to those we had to deal with 

in the case of niucor, in spite of the fact that the hyphse of 
Penicillium are septate, for each cell is directly in contact with 
its nutriment. But since the sub-aerial sporophores are also 
septate, we meet here with new conditions of distribution of 
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the nutrient substances absorbed The plant produces a con- 
tinual series of gonidia, and there must therefore be a constant 
stream of plastic materials for the formation of the cell-walls 
and protoplasm of the spores ascending from the mycelium to 
the sterigmata and passing through the partitions which sepa- 
rate cell from cell of the sporophore. The passage through 
the partition walls is a process of osmosis of substances in 
solution, and the osmotic current is kept up so long as the 
plastic material is being removed from solution at the end of 
the sporophore (see p. 50), and this is as long as spores con- 
tinue to be formed there. 

Pasteur found that PenicUlium also had the power of bring- 
ing about alcoholic fermentation in a sugared nutrient solution 
when submerged in it Under these circumstances the cells 
of the hyphae are larger in diameter and shorter in length than 
when growing in air, and sprouting takes place with the 
formation of gonidia. In addition some species of Penidllium 
produce an enzyme which converts cane-sugar into grape- 
sugar. 
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CHAPTER VI. 
TJIE CHARACEyE. 

Various species of the Characese are universally spread — 
growing in sluggish rivers, lakes, and ponds; in fresh and 
brackish water at depths from a few inches up to six feet or 
more ; or in swampy marshes, where they lie partly in and 
partly out of the water ; but always necessarily wet. Rarely 
solitary, the plants usually form dense clumps, not unfrequently 
covering the bottoms of shallow lakes several acres in extent, 
to the complete exclusion of all other rooting plants. Their 
range of temperature is Very wide, and one and the same 
species is capable of resisting the greatest extremes of heat and 
cold* Thus Chara fragilis is found everywhere — in this and 
other countries in water which in winter becomes a solid block 
of ice, and in the hot springs of the Yellowstone Park in the 
United States, where the water is '* hot enough to cook an egg 
in four minutes." 

The individuals of the different species are of all sizes, from 
a few inches up to three feet in height From the lower 
portion of the stem, which is rarely more than one-twelfth of an 
inch, and generally much less in diameter, grow tufts of fine 
colourless threads, which root it in the mud at the bottom. 
The stem has growing from it whorls of green thread-like 
organs, usually called Leaves, which spring from it, five to 
fifteen at a level, arranged at equal angles around it. The 
lengthened portions of the stem are Internodes ; the places 
at which the leaves arise are Nodes. Towards the summit of 
the plant the internodes and the leaves arising from the nodes 
are shorter, and at the apex all are crowded together in an 
Apical Bud. Similar buds may be seen tipping branches, 
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having their origin in the nodes within the circle of leaves. 

The stem and leaves are green, the rootlets— or, properly 

speaking, Rhizoids— of which a great 
number arise from more than one node 
near the base of the stem, are long, thin, 
and colourless. Most species are en- 
crusted with carbonate of lime, some so 
strongly as to assume a grey colour in 
consequence, and be easily broken when 
handled. Hence their common names of 
Stone Worts and Brittle Worts in this 
country. They are most of them very 
easily cultivated in very simple aquaria, 
and require no more attention than filling 
up with ordinary water as evaporation 
goes on. Some, however, require much 
more light than others. 

I. Examine with a hand-glass a plant 
lying in water. If much encrusted with 
lime, immerse it for some little time in 
weak vinegar and water to dissolve off 
the lime. 

Note first the long internodes. In 
some species each consists of a single 
cell, in others this is Corticated by a 
layer of lengthened cells, which ascend 
from node to node in a steep spiral. 
Very frequently the corticated stem is 
beset with many long or short green 
Spines^ and at the bases of the leaves, 
in the outer obtuse angle between leaf 
and stem, are often one, two, or even 
three circles of long or short green cells, 

F.G. ^2.—chara /ragiiis. which are turned, the upper circle up 

(BenHCtt and Murray.) ^^^^^ ^^^ j^^^^^^ ^^^ j^^^^ ^^^^ ^^^^^ 

the stem. They are commonly known as Stipules. The 
Ifeaves also consist of nodes and internodes, and here also the 
internodes may be corticated or uncorticated. From the nodes 
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of the leaf spring the Leaflets^ which are generally longer on 
the side turned towards the stem — the ventral side — than 
on the other — the dorsal side. Note the crowded leaves 
and short intemodes of the apical bud ; note also that no 
intemode attains its full size until some distance below the 
apex. 

Borne on the nodes of the leaves of the upper whorls, 
near the bases of the leaflets at certain seasons of the year, 
are to be found two different kinds of Sexual 
Organs — ^the one, bright red and spherical, the 
male organ, called the Antheridium; the other, 
generally brown or black and oval in outline, the 
female organ, called the Archegoniom. 

2. Examine a ripe archegonium (fruit, or 
Spermocarp) in water under an inch objective. 

The end may be crowned with a circle of five 
cells, or two circles of five cells each, or the 
Crown may have fallen off. Note the dark oval 
Oospore (egg) through the spiral corticating 
cells. 

3. Press the cover-glass and burst the sper- 
mocarp so that the contents of the egg-cell are 
squeezed out. Examine with a higher power. 

Note the numerous large granules. Run 
solution of iodine beneath the cover-glass. Large 
nutnbers of the granules take on a blue colour, 
showing that they are starch, and many small 
proteid granules are seen. Mount another sper- 
mocarp in solution of osmic acid and burst it. Many globules, 
some of large size, are turned brown. They are fat-globules. 

4. Prepare a small glass aquarium (a common pickle-bottle 
will do very well) by placing at the bottom an inch or so of 
washed garden mould or fine sand mixed with a little garden 
mould, and filling up with water. When clear, place in it 
some few plants of a common species of C/tara—fostida or 
frdgilis — fruiting, ue, with sexual organs on them. The spermo- 
carps will drop off as they come to maturity and sink iii the 
mud, but they do not germinate for some time. The safest 



Fig. 33. — Fer- 
tile branch 
cliChara kis' 
pida. (Ben- 
nett and Mur- 
ray.) 
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plan for getting a good supply of germinating spermocarps is 
to collect the fruiting plants in autumn and keep a good look- 




FiG. 34. — Spermocarp of Charafatida. K, the first node cell ; /, primary shoot of the 

prothallium ; r, primary rh'zoid. (De Bary.) 

out for young plants early in the following spring. In the mud 
the corticating cells of the spermocarp rot off, leaving the 
oospore invested with their inner walls, ridges marking the 

former positions of the spirally 
disposed corticating cells. This 
investment may be called a Peri- 
carp (Fig. 34). 

The earlier stages of germina- 
tion are difficult to make out At 
the apex of the oospore the proto- 
plasm is finely granular and trans- 
lucent, whilst the rest contains the 
large starch and fat bodies, the 
two being separated by a clearly 
defined boundary plane. In this 
plane a cellulose wall appears, thus 
dividing the oospore into two 
unequally sized cells — the tipper 
small one, the First Node-cell of 
the shape of a plano-convex lens, 
and the lower large one, the Basal 
Cell of De Bary. At the same 
time it swells somewhat and splits 
the pericarp at the apex along the 
spiral lines. The basal cell re- 
mains within the pericarp, and its 
reserve stuffs — starch, fat, and 
proteids — serve as a store of nourishment for the young plant ; 
from the first node-cell, by repeated divisions and growth, are 




Fig. 35. — Germinating spermocarp of 
Chora crinita, p, apex of prothal* 
Hum ; r, rhizoid ; «/, root-node ; 
s, stem-node. (After De Bary.) 



The Ckaracea 89 

formed all the parts of the mature plant, and something 
besides. 

The node-cell divides into two of equal size by a wall 
parallel to the axis of the spermocarp, and both these cells 
grow out into cylindrical tubes. The one, bending downward 
(Fig. 35, r), becomes the primary rhizoid of the Prothalliam 
(Pro-embryo), the other is negatively geotropic (Fig. 35, /). 
It forms the primary shoot, with limited apical growth, of the 
prothallium, and divides by transverse walls into a small number 
of cells. Not unfrequently other, accessory, prothallia spring 
from the same primary node. From this stage the student 
should follow much of the development without difficulty. 

5. Mount the prothallium in water, and examine. 

No further division takes place in any of the row of cells 
of the prothallium except the lowest. Near the upper end of 
this lowest cell a transverse division wall appears, and the cell 
thus formed further divides into three cells, a middle rather 
long internodal cell, and an upper and a lower disc-shape cell 
(Fig. 35, s and w). The middle ceil, as well as those above it, 
contains chlorophyll bodies. It develops no further, but the 
two disc-shaped cells are further modified. The lower cell 
forms division walls parallel to the axis of the prothallium 
until it becomes a cell-layer whose peripheral cells grow out 
into rhizoids. It thus becomes the Root- 
node of the prothallium. The upper cell — ^ 
divides somewhat similarly and forms the 
only Stem-node of the prothallium. h (Fig. 
36) is the first division wall which halves it. 
Then other walls are formed, which cut off 
in succession, right and left of ^, the cells ^ 

h h, 3, 4, 5» 6, 7. b and the succeeding ^^^^I^^T'^^roSgh 
peripheral cells develop into leaves, which the stem-node of 

11'rt. ^ « • /.I 11 a prothallium of 

only differ from the portion of the prothal- Toiypeiia intri- 

m. , . , . • . ji . cata. z, initial cell 

Iium above the node m origin and size. of the first stem; 
They never develop lateral ieaflets, nor sexual ^d^ Banr.^^ 
organs, and are of definitely limited apical 
growth. The first-formed peripheral cell, /, is the apical cell 
of a sprout of unlimited apical growth, the ordinary chara 
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plant, which, as we thus see, has a lateral origin in the pro- 
thaUium. Thus the spemiocarp always gives rise to a 
prothallium, which always produces 
a chara plant by a lateral bud, which 
again always produces spermocarps, 
although it may bring fonh a pro- 
thallium directly without the inter- 
vention of a spermocarp. Thus the 
chara plant is a Oametophyte (bear- 
ing several organs), which can in some 
species be Apogamous. It is per- 
haps right not to speak of an alter- 
nation of generations in this con- 
nection, but only of an alternation 
of axes. 

Generally only one gametophyte 
originates in the prothallium, rarely 
two or three. 

6. Cut off the apical portion of 
a stem of Nitella, place it in a little 
water under a simple microscope, 
and with a couple of needles dissect 
, away as many of the more developed 
whorls of leaves as possible with- 
out injury to the actual apex. If 
Nitella is not available. Chard fragilis will serve. Fresh 
material will do very well, but plants fixed in chromic or 
picric acid, as afterwards described, are better. Those in 
which the nucleus has been stained are the best of all. Place 
the actual apex in water on a slide, cover, and press steadily. 
If two or three are thus prepared, one will certainly be suit- 
able for the examination of the apical ceil and its s^ments. 
Examine. 

The growth of the characete is acrogenous by means of 
an Apical Cell of the form of a plano-convex lens, from the 
base of which cells are cut off in succession, the end segment 
remaining an apical cell with unlimited power of producing 
segments (Fig. 38). Each cell cut off from the apical cell 
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divides again immediately by a transverse wall into an upper 
larger cell— a nodal cell— and a lower smaller cell— an inter- 



Fiii. 38.— Ijmgiiudinsl Hction Ihrough ihc bud of Cknra /ragilit, ihowing apical cdl 
(a and in ae^niFms (r and h\ A. with empty cells; B, cells wiib conltnts ; C 
cell-conlEDU conlncled by iodiiM. <Sachi.> 

nodal cell. The intemodal cell never divides, but increases 
very considerably in size ; the nodal cell increases much less in 
size, but divides by partition walls, mainly in vertical planes, as 
already described in the stem-node of the prothallium (Fig. 
36), forming in all cases a cell-layer of peripheral and two 
central cells. The intemodal cell, corticated or uncorticated, 
forms an intemode of the plant. It attains a great length, 
reaching in the subterranean branches of Lychnothamnus 
sleUiger even eighteen inches or more. From the peripheral 
cells of the node are developed leaves, one from each cell, 
the number in each whorl being equal therefore to the number 
of peripheral cells in the node, and varying from five to fifteen. 
The leaves of the separate whorls do not stand vertically over 
each other, but' alternate one with another, so that each leaf 
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bisects the angle formed by two adjacent leaves in each of the 
whorls immediately above and beneath it The divergence 
from a vertical line in the arrangement of the leaves depends 
therefore on the number of leaves in a whorl. If there are 
six leaves the divergence is an angle of J of -%°° ; if seven, an 
angle of J of ^y^°, and so on. The usual mode of expressing 
this is by putting it as a fraction of the whole circumference, 
and sayii^ that the divergence is -ji,, -^, etc, 

7. Detach a leaf, and examine with a low power. 
The leaves are of limited growth, but show otherwise in 
their development some similarity to the stem. Nodal and 
internodal cells are produced and the latter may be all un- 
corticated, or most of them may be corticated. In all cases, 
however, the end cell, and generally some others beneath it, 
are naked. The nodal cells divide a3 other nodal cells do, 
and from their peripheral cells the lateral leaflets and other 
structures are developed. These lateral leaflets are rarely 
more than one-celled. They are seldom equally developed 
all round, but usually more so on the ventral than on the 
dorsal side, the latter frequently appearing as mere warts 
(Fig- 33)- 

The first cell cut off from the mother-cell of the ■ leaf 

divides into an upper Nodal Cell, 

and a lower cell {yerbindungsztlle), 

which corresponds to an internodal 

cell This latter does not lengthen 

as other internodal cells do, but 

serves to connect the leaf with the 

central cell of the stem node (Fig. 

38, Pi.y"). The nodal cell develops 

into a disc of cells, which is known 

as the Basal Node of the leaf. 

This basal node is the origin of 

'''%rwri'*^'°«T'^ c*a™ "^T different and peculiar organs. 

■S??^diie*ob^T«rI^^ '^^^^^ *"se from it, first, the 

S'ftH SMbo"""^''' ""'" so-called Stipnles, when any are 

present These are always one-celled, 

in some species long, in others wart-shaped,- embracing the 
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stem at the base of the whorl of leaves in one, two, or even 
three circles. 

Seamily, the cortication of the stem has its origin in the 
basal node of the leaf, every two consecutive whorls con- 
tributing to the cortication of the intemode between them. 
From the basal node of every leaf grow two corticating 
mother-cells in the form of rounded lobes, and proceed in 
opposite directions, one upwards, the other downwards. They 
appear early, before the intemodal cell of the stem has 
lengthened much, and the growth of the corticating cells 
keeps pace with its growth, so that the intemodal cells of the 
stem are, in corticated species, naked at no period of their 
development. The apical cells of the 
descending and ascending corticating 
series alternate with each other, and con- 
sequently where they meet they dovetail 
with each other {Fig. 39). This must 
follow from the fact that the leaves of 
successive whorls alternate with each 
other. 

Each corticating series consists of 
alternate long intemodal and short nodal 
cells. These nodal cells may develop in 
various ways, and double or triple the 
corticating rows, as in Fig. 40, or they 
may grow out into unicellular spines or 
hah^ or may give rise to both. As Yia.4fi.-Qox\t%<xckara 
examples, Ckara crtnila has as many cor- ^™^\t,a^^^^va. 
ticating rows as there are leaves in a of' the primly ™nica- 
whorl, Ch. fatida has twice as many, i«frai ceiii d=«!oiKd 
and Ch. fraplh has three times as many. ,ripiy "conicaw the 
Again, the corticating nodal cells produce ""°' ''^" *"'"' 
tufts of hairs in Ch. crinita, warts in Ch. f<£lida, and neither 
hairs nor warts in Ch. fragiiis. 

Thirdly, every leaf-whorl possesses the power of develop- 
ing a branch from the basal leaf-node of the first formed leaf 
of the whorL It frequently does not develop much. It 
standsj in chara, in the axil of the leaf; in nitella, somewhat 
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laterally, and here also a second smaller branch may some- 
times be found. These normal branches are similar in every 
respect to the main axis. There are, 
however, very few, or probably no species 
of characeie which cannot later develop 
other branches from its nodes, and these 
are always abnormal in structure in some 
respect. 

The cortication of the leaf is a pro- 
cess similar to that of the stem, but 
simpler. The corticating cells are de- 
veloped out of the basal nodes of the 
leaflets. 

The sexual organs of the characese 

are of two kinds, Autheridia and 

Archegonia. They are always deve- 

KiG. ji.— corie. of csafa lopcd OH the leaves of the plant. In 

h^«''''c^vel^'^"'fioin some species both organs are bome on 

Caumo"' """^ ""'' ^1** same node or on different nodes of 

the same plant, when the plant is said 

to be Monoecious; in others, the male oi^;ans are bome on 

one plant and the female on another, and then the plant 

is called Dloeolona 

The male organ, the antheridium, always either terminates 
c a leaf or occupies 

the position of a 
leaflet, being in 
that case deve- 
loped from just 
such a cell as 
that from which a 
leaflet is formed. 
The female organ, 
the archegonium, 
is developed from 
a cell of the basal 
node of a leaflet, or of the antheridium developed in the place 
of a leaflet The antheridia vary in diameter in the different 
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species from -5 up to '8 millimetre, the archegonia in length 
from '35 up to 1*25 millimetre. 

S. Select an apical bud, bearing sexual organs, of Ckara 
fragilis or some other species, dissect it out in a drop of water 
on a slide, cover, and examine for developing sexual organs 
on the youngest leaves. Do the same with chromic acid or 
picric acid material, and examine in glycerine. 

The course of development of an antheridium is Portly 
this. The 
mother-cell, 
resting on its 
basal node, di- 
vides into an 
upper hemi- 
spherical and a 
lower disc- 
shaped cell. 
The lower forms 
a short stalk; the 
upper, by suc- 
cessive walls in 

planes perpen- ' 

dicular to each 
other, divides 
into eight cells, 
the octants of a 
sphere, the an- 
theridium be- 
coming all the 
while more and 
more spherical 
Ofthe eight cells 
meeting in the 

centre, four are Fic. t3.—Nililla Jlixilii. a, n»rly ripe antherWiuin; B, 
> . . manubrium, with caiHEuluin, KCDnduy capimla. and lila- 

above and four axaa- C-F.6\Bmtmiabaynag!<amadaaofmB.&ttoiiMiai; 

below, or four «■ '"■*=™'»i^=- (Sachs.) 

belong to the right side and four to the left. Walls are now 

formed parallel to the surface which divide the eight cells into 
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sixteen, eight outer and eight inner, and the latter divide again 
immediately in such a way that the whole antheridial sphere 
now consists of eight outer, eight middle, and eight inner cells 
— three layers of eight cells each* The outer cells are arched 
plates, the four upper of the form of equilateral triangles, the 
four lower triangles truncated at the angles in contact with the 
basal cell The outer surfaces of these plates become infolded, 
from the centre outwards^ in rayed pleats which reach the 
opposite inner wall of the cell (Figs. 42, 43), and which cause 
the pretty rayed appearance from the surface (Fig* 43, A). 
The cells of the middle layer grow only radially, and to a 
slight extent Their outer ends remain connected with the 
centres of the triangular peripheral cells, whilst their inner 
ends are joined with the central cells. The peripheral cells 
outstrip the cells of the middle layer so completely in their 
rate of growth that large intercellular spaces are formed 
between the latter. These cells of the middle layer are 
called Manubria (handles). The innermost eight cells 

are spherical Capitnla (heads), 
which are in contact with each 
other at the centre of the 
sphere. Each capitulum sprouts 
and gives rise to from four to 
six small round cells, from 
every one of which again from 
three to five still smaller cells 
grow, which develop later into 
long, thin, backward-growing, 
many-celled filaments, which 
fill up the spaces between the 
manut>ria (Fig. 43, B). Each 
cell of this thread shows a large 
nucleus, out of which a very 

F1C.44.— Portion of A fettik leaf of C^r« ^ • n ^ • . j a xf- 

/nv///r with developing MxuaioiyaiM. fine, spirally-twisted Axitnero- 
S;£rSuf'»;'^jSrX^^SS: zoid is formed, with a blunt 
cativ oeiu. CMt« Saciu.) posterior, and a sharp anterior 

end furnished with two vibratile cilia (Fig. 43, G). The cilia 
are formed out of the general protoplasm of the celL 
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The mother-cell of the antheridium contains chlorophyll 
corpuscles, and so do later the peripheral cells and manubria. 
They become changed, however, to red corpuscles, which in the 
outer cells lie close to their inner walls, giving the antheridium 
an appearance as if surrounded by a deep, colourless, hyaline 
border (Fig. 43, A). Frequently the antheridium has in addi* 
tion a coating of mucilage. 

9. Mount a leaf bearing antheridia and arch^onia in water, 
and examine with a low power. 

Note the attachment of the antheridium to the inner (ventral) 
side of the leaf at the node, lying below the leaflets, here fre- 
quently called Bracts. By the growth of the archegonium 
above it and of the bracts, it is pushed into a lower position 
than it would otherwise occupy (Fig. 46). Note the out- 
lines of the peripheral cells and the rayed appearance of the 
sur&ce. 

10. Detach an antheridium, mount it alone in water, and 
crush it by pressure on the cover-glass. Examine with a higher 
power. 

Note the manubria and capitula. Mark the filaments, their 
constituent cells, and their very evident nuclei The incom- 
plete divisions near the tips of the filaments show that their 
growth is apical. Also look further back for divided nuclei, 
between which no division wall is yet formed. Many instances 
of such will be found, and the growth of the filament is there- 
fore intercalary as well as apical In ripe antheridia, cells 
of the filaments will be found containing partially or completely 
formed antherozoids. 

11. Tease out an antheridium on a slide in a drop of 
water, add a trace of gentian violet, cover with a cover-glass, 
and then apply a piece of blotting-paper at one side, whilst 
running in pure water at the other. In this way minute objects 
can be stained and washed, which by other methods could not 
be safely handled Examine with a high power. 

The nuclei of the filament cells, and the antherozoids where 
any are developed, are now very evident Note also the large 
oval nucleus in some manubria, or more than one irregularly 
shaped nucleus in others, 

H 



Practical Elementary Biology 



Town I 6, summil of fertile leaf. (Sachs.) 
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12. Mount leaves bearing archegonia in various stages of 
development, and follow as far as possible. 

The mother-cell of the archegoninm divides by transverse 
walls into an axile row of three celk, the lowest of which is 
a nodal cell, and the uppermost the Oosphere, or egg-cell 
{Fig. 44). From the nodal cell are separated five peripheral 
cells, which grow out into coiticating tubes and closely invest 
the oosphere. At iirst they are straight, but later they become 
twisted into a right-handed spiral. Each corticating tube 
divides once in charce and twice In nitelle, making in the 
former a single, and in the latter a double Crown, which over- 
tops the oosphere. 

The oosphere completely fills the envelope. It is at first 
filled with homogeneous protoplasm, from which starch-grains 
and fat-corpuscles separate. At the apex is finely granulated 
protoplasm. The cell-wal! of the oosphere is extremely delicate. 
At the apex it softens to a jelly or even disappears entirely, 
the cells of the crown forming a covering for It there. 

The ripening of the oosphere takes place usually at the 
same time as the breaking up of the anthe- 
ridium and the consequent freeing of the 
antherozoids. Then the corticating cells 
suddenly lengthen in the region close to the 
lower part of the crown and develop a neck, 
but the separate neck-pieces do not close 
completely together. There are thus narrow 1 
fissures between them, as well as a large free 
inner space under the crown and over the top 
of the oosphere. The antherozoids, moving 
by the aid of their cilia, pass through the fis- 
suresinthe neck into the space under the crown pic. 47.— Arehego- 
and thence to the apex of the oosphere, f^un^dia^j 
which they no doubt enter and fertilize. The ^^j^^b^^h 
oosphere is now an Oospore, capable of re- '^^Si,^(S?' 
producing a plant similar to its parent plant 

Chara crinita, a dioecious corticated species, in which the 
rows of corticating cells are equal in number to the leaves in 
each whorl, rarely produces male plants ^e^tig^ntheridia, 
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although female plants bearing archegonia are frequently met 
with. Nevertheless^ in circumstances under which fertilization 
is impossible, e,g. when female plants are completely isolated, 
their archegonia are capable of germination. Such cases of 
Parthenogenesis are uncommon, although known to occur 
in other members of the vegetable and animal worlds. 

In none of the characese has asexual reproduction by 
means of spores been observed. There are, however, amongst 
most, and probably all species methods of vegetative repro- 
duction which are very efficacious in continuing the life of the 
individual. These are, by means of abnormal adventitious 
branches, from stem and root nodes. The first branch from 
a stem node is a normal axis similar in all respects to the 
parent axis, but under certain circumstances other branches 
may arise from the same node, and these adventitious branches 
are always abnormal. In Chara hispida^ Ch. fragilis, Ch» 
fcetida^ Ch. aspera, Lychnothamnus stelliger^ Nitella opaca^ and 
others, the cells of the basal leaf-nodes, which arise from the 
older stem-nodes, divide and subdivide until the stem-node is 
a swollen more or less star-shaped mass of cells, which are 
crowded with starch-grains and other plastic substances. The 
intemodal portions of the plant decay and the isolated swollen 
nodes sink into the mud. Later, certain cells grow out into 

branches, which are so far abnormal in struc- 
ture that the lowest intemode, and in many 
cases the second and third, as well as the 
leaves of one or more whorls, are naked in 
the corticated species. These Naked-footed 
(gymnopodal) branches are not unfrequently 
produced from the nodes of normal axes, 
which have sustained injury. The branches 
which arise from the wintering nodes of un- 
FiG. 48. — Starch- corticated species (Lychnothamnus^ I^itella^ 
^ihlt^Ls^^sum- etc-) are always abnormal in the develop- 
^nS^'*"''^^ * ment of the leaves of the first few nodes. 

Lychnothamnus stelliger produces subterranean 
branches devoid of chlorophyll, which run horizontally through 
the jpud and Ue^r beautifiiUy regular, stellate, swollen nodes 
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on long transpareot internodal cells, some of which are as 
much as eighteen inches in length. 

The branches arising from root-nodes are also gymnopodal. 
Rarely such branches spring from ordinary root-nodes ; one or 
more from a root-node of Chora aspera 
are not very uncommon. Generally one 
or a few cells of the root-node increase 
enormously in size, become distended 
with plastic materials, and form, with the 
other undistended cells of the node, a 
Wintering Bulb which is capable of 
producing a new plant This is the 
general case with Chara asftra. When 
such a bulb germinates it produces a 
gymnopodal structure which is similar 
either to the prothallium formed from the 
spermocarp (Fig. 49) or to the gym 
nopodal branches formed from old nodes. 
Pringsheim describes similar Protlialloid 
Branches as arising from old nodes of 
Chara fragilis. 

By one or more of these vegetative 
methods of reproduction the life of the 
individual plant may be prolonged for 
several years. Such plants are said to be 
Perennial. 

13. Test the cell-wall of nitella or 
chara with iodine and sulphuric add, 

or with Schulze's fluid. fic. 49.— surch-bnibiii or 

The cell-wall is coloured blue, show- f^SSiXTb^^chf* 

ing that it is composed of cellulose. 

No differentiation of the cell-wall into layers can be observed, 

but that there is a middle layer of different constitution 

between adjacent cell-walls, is shown by the following : — 

14. Boil anyspecies of characese for half a minute in dilute 
caustic soda. Select an apical portion or rhizoids, and mount 
in water. Cover, press the cover-glass somewhat, and examine. 

The pressure separates adjacent cells from each other, the 
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cells remaining intact This can ooly come about by the 
solution of a layer of substance lying between adjacent cell- 
walls. By this method also especially clear apical portions 
can be prepared. The preparation stains well with aniline 
colours, and its value for study is thereby increased. 

Tke Cell Contents. 
15. Mount a leaf of nitella in water, and examine with a 
low power. 

Focus the surface of the leaf and notice the light-green 
chlorophyll bodies lying immediately beneath the cell-wall. 
They are especially large, distinct, and well separated from 
each other in the lower part of a young leaf. They vary 
slightly in shape, but are usually more 
or less elliptic in outline. Their longest 
diameter is from 8ft to lo/i. Note that 
they are arranged fairly regularly in 
spiral lines running the length of the 
leaf. Two clear lines, devoid of chlo- 
rophyll bodies, also run the length of 
the eel! in a steep spiral. These are 
the Indifferent Lines. The outlines 
of contained starch-granules are very 
evident in the greater part of the cor- 
puscles when a higher power is used. 
^'%^i^^&''?- "^ ilr'^' °' ^^' ^^ "^^ upper portion of a ni- 

chiorophyii bodies and the tella plant in weak solution of iodine 
in potassium iodide for a few minutes. 
Wash and mount a leaf in water. Examine with a high 
power. 

The starch-grains in the chlorophyll bodies are stained 
blue, and are now easily distinguished, although the simul- 
taneous yellow coloration of the proteid matter of the bodies, 
together with the green chlorophyll, obscures the colour some- 
what Some contain many starch- grains, others but one, so 
large that it nearly fills the corpuscle. If a leaf be laid in 
alcohol until the chlorophyll is dissolved out, and then in 
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solution of iodine, the starch-grains in the chlorophyll bodies 
are well seen. 

17. Examine the upper portion of a growing leaf of nitella 
in water with a high power. 

Look for chlorophyll bodies which are in the various stages 
of dividing by constriction. They are very numerous. 

All these points can be made out in the cleaner of the 
corticated species of chara, but not so well as in nitella. 

1 8. Mount a leaf of nitella in water, and focus below the 
surface-layer of protoplasm containing the chlorophyll bodies 
with a moderately high power. 

The protoplasm beneath the peripheral layer is in motion, 
forming a. current which ascends one side of the cell and 
descends the other, the lines of separation being the indifferent 
lines. Many solid bodies are carried along in the stream, 
and by watching them it is easy to see that the protoplasm 
in contact with the motionless peripheral layer moves the 
fastest, and that the watery cell-sap in the centre of the cell 
is also motionless. Since the indifferent lines are spirals, it 
is evident that the currents also follow spiral courses. In ajl 
cells except the youngest, some nodal cells, and some cells of 
the sexual organs, this Rotation of the protoplasm goes on. 

In corticated species the rotation can be studied in the 
end-segments of leaves, and in the cells which corticate the 
young oosphere. The best cells for the purpose are the rhizoids 
of all species, the colourless lower internodes of gymnopodal 
branches and prothallia, and internodes of the subterranean 
branches oi Lychnothamnus steiliger. In these latter, and in 
larger rhizoids, the thickness of the rotating layer of protoplasm 
is seen to be equal to about one-fourth the diameter of the 
cell, its inner surface being very sharply separated from the 
watery cell-sap. 

19. Press out the contents of an intemodal cell of nitella 
into a drop of water on a slide. Cover, and examine with a 
high power. 

The expressed protoplasm is at first a viscid mass which 
is coherent enough to be lifted out of the water on the point 
of a needle. It slowly mixes with the water and its more 
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solid constituents float free. The proteid matter of the 
chlorophyll bodies is disorganized with the water, and their 
contained starch-grains swell somewhat The large rounded 
balls which were seen floating in the protoplasmic stream of 
the uninjured cell are isolated first, and float freely, showing 
that the protoplasm which contained them was more easily 
miscible with water than that which contained the chlorophyll 
bodies. Note also an immense number of minute granules 
scattered throughout the protoplasm. They are also of a 
proteid nature, and are called Microsomata. 

20. Run solution of iodine under the cover-glass. 
The starch-grains now show the violet colour well. The 
rounded bodies show their proteid nature by taking on a 
yellow colour. 

The starch -grains of different species of characese, 
formed under similar conditions, vary slightly in shape and 
size. Those formed in chlorophyll bodies are always more 
or less elliptical in outline and lenticular in form. When 
formed, however, in parts of the plant devoid of chlorophyll, 

such as bulbs, swol- 
len nodes, and 
oospheres, some. of 
'/^^(^ ^€^^^1^ . them are of much 

^ larger size, of more 
rounded form, and 
show a faint indica- 
tion of lamination. 

Starch - grains 
obtained from dif- 
ferent plants vary 
greatly in size and 

^'G- Si-Starch-grains of Ckaracea. A, from leaf of shape, allhOUgh all 
Charafoetida ; B, from leaf of Ch, khpidia; C, com- . ^i.- ^u i. 

pound grams from an old internodc of CA./mip//M; agree m thlS, that 

U, from starch-star of Lychnotliantnus stelliger, . i,^„ «^^ ^ ..„^^ ««„„ 

^ tney are never angu- 

lar, but their surfaces are always rounded. Compound grains 
are known, however, which break up into angular frag- 
ments. Many starch-grains are obviously laminated, consisting 
of less dense and denser layers deposited around a point in 
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the grain called the Hilum. This lamination is not visible 
in some grains. In polarized light each grain appears with 
a dark cross on a light ground, and this shows that the tension 
in the grain is greater in one direction than in the other. 
The cohesion of the particles in the grain is not great. If 
some grains be mounted in water, and pressure applied to 
the cover-glass, the circumference, instead of being stretched, 
gives way, and radial clefts appear, as they do in a half-dried 
pellet of clay when subjected to pressure. 

So far as is known all starch-grains are formed in the interior 
of proteid bodies called Plastids (Amyloplasts). These 
are of two kinds, Chloroplasts (chlorophyll bodies), or green 
starch-formers, and Leukoplasts, or colourless starch-formers, 
and they are produced by the actual conversion of a portion 
of the protoplasm of the amyloplast into starch, each layer 
being deposited on the outside of the grain. When starch is 
rubbed up with fine sand in water, the friction with the sand 
breaks the grains and a small portion is dissolved. This 
soluble starch is called Granulose, the insoluble portion 
Starch-cellnlose. Treated with hot water the grains swell 
up enormously and burst — a small portion dissolving, and 
the whole forming a paste which when cold congeals into a 
jelly. Boiled with a large quantity of water it filters slowly 
and badly; allowed to stand, a large portion settles at the 
bottom of the vessel, the supernatant liquid being fairly clear. 
This latter contains starch in solution, although always much 
starch-cellulose in suspension. The longer the starch is boiled 
the more it enters into solution, although it appears that some 
portions of the grain never dissolve in pure boiling water. 
Addition of alcohol to starch paste causes agglomeration and 
deposition of the starch. A solution of potash causes starch- 
grains to swell up enormously, and to become so nearly equal 
in refractive power to water that they are scarcely visible in 
that liquid under the microscope. 

Starch is manufactured for commercial purposes by me- 
chanically bursting the cells containing the grains, thereby 
freeing them, and afterwards washing them out by water. A 
paste made from a sample of such starch, showing under the 
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microscope nothing but starch-grains, will nevertheless nourish 
such fungi as Mucor and Penicillium^ showing that there is 
nitrogenous organic matter in the grains, although the amount 
must be slight 

With dry starch-grains free iodine gives a black colour, 
but in the presence of water th*e colour is a deep blue. Only 
the granulose of the grain is coloured blue, the starch-cellulose 
reacting as other cellulose does. The blue substance is known 
as iodide of starch, but is not a true compound. Boiling with 
a mineral acid converts starch first into dextrine and finally 
into grape sugar ; and the same conversion into grape sugar 
is brought about by various enzymes. Thus, if saliva be mixed 
with starch paste, and the mixture kept at about ioo° F. for 
a few hours, iodine will no longer give a blue colour with it, 
but the substance will reduce Fehling's solution readily, showing 
the disappearance of starch and the production of grape sugar. 
The secretion of the pancreas of animals brings about the 
same result Many such enzymes are found in plants, the 
most familiar example being the diastase of germinating 
seeds. In all parts of plants where starch is formed or stored, 
enzymes capable of converting starch into sugar are to be 
found. Starch is not diffusible, and therefore cannot pass 
through closed cell-walls from one part of the plant to another. 
Grape sugar is diffusible, and in this form the transport of 
carbohydrate plastic material takes place. In the germinating 
starch-stars and bulbs of the characeae grains of starch 
partially dissolved are commonly to be seen. 

The proteid balls in species of nitella are spherical bodies 
covered all over with small spines. In chara they are smooth, 
more or less irregular in shape, homogeneous and highly 
refractive. They can be readily studied in the protoplasm 
squeezed out of an intemodal cell, especially in the winter. 

In such cells also other bodies are visible which ordinarily 
require special methods of fixing and staining to recognize 
them. These are Nuclei, of which there are many in 
each intemodal celL Some are straight cylinders with 
rounded ends, others are slightly curved, and others still are 
bent nearly into the shape of a horseshoe. In a plant in 
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active growth the density of the nuclei is much less, and they 

are rapidly broken up when subjected to the action of water. 

For the same reason they cannot be 

distinguished in the rotating stream 

of protoplasm in the living cell. If 

the contents of an internodal cell be 

pressed out into a drop of a weak 

solution of gentian violet, the nuclei 

are well stained. In them will be 

seen irregularly shaped particles 

which stain more deeply than the 

rest. These are Nucleoli^ of which 

there are several in each nucleus. p^^'' ^'^ »" ^*'«'- 

2 1. Study the contents of the cell by the following method : — 
Place some young shoots and rhizoids of a species of characeae, 
preferably a nitella, in a concentrated solution of picric acid, 
and allow to remain at least twenty-four hours. Then wash 
frequently in large volumes of distilled water until all trace of 
picric acid is washed out of the plant Make a solution of 
haematoxylin by placing a piece about the size of a grain 
of wheat in about 20 c.c. of distilled water, and stirring with 
a glass rod whose point has been dipped in solution of 
ammonia. The smallest trace of ammonia brings about the 
solution of the haematoxylin. Add enough distilled water to 
make up to 50 cc, and in this place the well-washed nitella. 
It may remain there with advantage up to twelve hours. Then 
again wash in water, mount a portion, and examine. 

The picric acid fixes the contents of the cells in their 
natural positions. Nothing is stained but the nuclei, which 
take a violet colour ; the nucleoli a deeper shade of violet 

22. Examine the nuclei of various cells from the apical 
cell downward. 

The apical cell, and all others which retain the power of 
division, have but a single nucleus containing a large nucleolus. 
The division of such a cell is preceded and brought about by 
the division of its nucleus, the new cell-wall being formed 
between the daughter-nuclei The stages of the division of 
the nucleus, which are not easy to make out, appear to be as 
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follow : The nuclear substance breaks up into a number of 
particles, which arrange themselves equatorially in the plane 
of the future cell-wall This is the Nuclear Plate, and 
from its particles proceed fine filaments whose distal ex< 
tremities meet in the two poles. These filaments are 
Spindle-flbres, and the whole of the nucleus in this stage 
is known as a Nuclear Spindle. Next, the coarse chro- 
matin particles of the nuclear plate separate from each other 
and retreat to the two poles of the nucleus, being connected 
by fine threads which are known as Connecting Threads, 
and in the equatorial plane appear one or two layers of 
particles which are larger than the microsomata of the sur- 
rounding cytoplasm 
of the cell, and 
which are swellings 
of the connecting 
threads. This is the 
Cell-plate, which 
as a rule touches 

[■■if!. s,.-Niicl=ar division in 'l*^ OUterwall of the 
fatida showing newly ^ " ""-^ piace 

?omKd«i!-waii. {jghow.^ Only. Wljcn this IS 
the case a spread- 
ing of the connecting threads follows, until the cell-plate fills 
the whole cross-section of the celL Very rapidly the cell- 
plate is converted into a plate of cellulose, and the division 
of the cell is complete. The sister-nuclei now round them- 
selvei off and retreat from the new cell-wall, and the chro- 
matin particles collect together again. The whole process is 
known as Indirect Nuclear Division, and division of the 
nucleus is of this character in all cells which retain the 
power of division. Such cells are the apical cells and their 
primary segments which divide into nodal and intemodal 
cells, the cells of the prothallium, of the leaves and of the corii- 
cating lobes up to a certain stage, and the cells of the nodes : 
also the basal node-cells of leaves which may subsequently 
produce gymnopodal branches, the cells of secondary leaflets 
from which arc produced the sexual organs, and the end cells 
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of ihizoids which form root-nodes. The last-named cells, 
however, show some features in their division different from 
the others. In the rhizoids, division of the nucleus and of 
the cell takes place after the cell has advanced so far that its 
centre is occupied by a large vacuole and its protoplasm is in 
active rotatioa The end of such a cell is occupied by a mass 
of resting protoplasm, in which the nucleus lies. 

But in all those cells which have not the power of division 
the nucleus breaks up by simple constriction of its envelope 
and separation of 
its parts into a 
large number of 
fragments which 
are distributed 
throughout the 
cell This pro- 
cess is called by 
some Direct 
Nnclear Dlvi- 
Bion, by others 
Fragmenta- 
tion of the na- 
clens. Nuclei pic. js- 
in all stages of 
division by constriction can be seen in the actively growing 
intemodal cells near the apex of the stem. There is little 
doubt that the nuclear fragments are concerned in the 
nutrition of the very elongated cells. 

23. Press out into a drop of water the contents of an 
internodal cell of nitella which has been treated as in 21. 

The motionless layer of protoplasm containing the 
chlorophyll bodies is coagulated into a coherent layer retain- 
ing the chlorophyll bodies in their natural positions. The 
proteid halls and the nuclei are not imbedded in this layer, 
but float free in the water, showing that in life they were 
contained in the internal more fluid portion of the protoplasm 
which has not been coagulated by the action of the picric 




no Practical Elementary Biology 

All said about the conditions of life and growth and course 
of constructive and destructive metabolism in connection with 
protococcus applies with equal force to the characeae. The 
plant receives its food from the Water which is its environment, 
although we must here distinguish between those parts of the 
plant which are green and can therefore decompose carbon 
dioxide, and those parts which contain no chlorophyll and are 
therefore dependent on the green assimilating organs. The 
non-green portions, such as the rhizoids, stand, to the green 
organs somewhat in the relation of a parasite to its host AH 
nutrient matters pass from the stem to the rhizoids in solution 
through closed cell-walls. It is doubtful whether the rhizoids 
exercise any other function than the mechanical one of holding 
the plant in position. 

The presence of reservoirs of Reserve substances^ such 
as bulbs and swollen nodes, is also a distinction. Starch and 
proteids which are formed in the green assimilating organs 
are brought into solution and then diffuse to the growing 
point, where they are being used to form new cells, and to the 
reservoirs, where they are being stored up. The formation of 
starch-grains in such parts is not a physical one of mere 
agglomeration, but organized proteid particles are present 
which take up the plastic materials and form starch-grains in 
a somewhat similar manner to their formation in chlorophyll 
bodies. These Starch-formers are difficult to demonstrate 
in chara ; they are known as Leukoplast& 

The passage of plastic substances from cell to cell is much 
facilitated by the rotation of the protoplasm in the elongated 
cells. The rotation is independent of light It goes on as 
well in the rhizoids buried in the mud as in the intemodal 
cells exposed to light — ^at night as well as by day. A 
temperature near freezing causes it to cease, but the most 
delicate of the species, ^,g. Nitella flexilis^ may be frozen in 
a solid block of ice, and the rotation recommences when 
slowly thawed. A high temperature coagulates the protoplasm, 
and thus causes the rotation to cease, yet, as we have seen, the 
plant may be inured to very high temperatures. The energy 
necessary for the rotation of the protoplasm is obtained from 
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the oxidation which goes on in the cell. In an atmosphere 
deprived of oxygen the movement ceases. Thus Schnetzler, 
experimenting with the prothallium of Chara fragilis, found 
that there was no rotation in hydrogen or nitrogen, or when 
the cell was immersed in olive oil 

The nature and function of the rounded proteid balls 
which are found in the protoplasm are unknown. They are 
apparently quite inert, and are probably formed from the 
cytoplasm of the cell by a process of agglomeration. 

If the plant, in water, be placed in direct sunlight, the 
absorption of carbon dioxide and production of oxygen is 
so vigorous that the whole plant becomes covered with bubbles 
of gas. This can easily be collected in an inverted test-tube 
and shown to be pure oxygen. 
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CHAPTER VI I. 

THE MALE FERN {ASPIDIUM FILIX-MAS), 

This is one of the commonest of all the British ferns, 
occurring most frequently in woods and shady situations 
throughout the whole of the British islands. The stem, or 
root-stocky from the summit of which the rosette of handsome 
green leaves or fronds grows, projects in a mature and well- 
grown plant some little distance above the ground 

i« Remove a single lea^ and note that it consists of a 
Footstalk^ or Petiole^ by whose base it is attached to the 
stem. A section of the petiole shows a nearly circular outline, 
and its lower part at least is completely covered over with 
large brown scales called Bamento. Right and left of its 
insertion on the stem and extending up the petiole are two 
slight ridges which are lighter in colour than the rest of the 
dark brown surface of the petiole. These are the Lateral 
Bidges, or Wings. The petiole bears on its upper portion two 
rows of green lateral expansions, which are in the same plane 
as that containing the lateral ridges, and are called Pinnas. 
These are not arranged opposite to each other, but they 
alternate one with another. Each pinna is also segmented 
quite, or almost, down to the middle line, and each s^- 
ment, or Pinntile, is roughly oblong in shape and slightly 
toothed on the edge. Because the pinnae are also pinnate, 
the whole leaf is said to be Bipiimate. Note that the 
segments of the pinnas are finely veined by branches of an 
axial vein. 

On the under sides of some leaves, which may be termed 
Sporophylls^ are rounded bodies. These are Sori, arranged 
in a double row right and left of the central vein of each 
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pinnule. With the point of a needle satisfy yourself that the 
visible portion is a thin kidney-shaped membrane attached to 
the leaf at one point not far from its centre. This is the 
Indnsluill, which covers and protects a powdery mass of 
Sporaogla beneath it. On an older sporophyll the indusia 
show their edges recurved, thus exposing the sporangia. 

3. Separate the leaves at the crown of the stem, and note 
developing leaves which are rolled up spirally with the apex 
within. The whole of such an immature leaf is covered with 



Fic. j6.— Leaf iinil son of Asftdium Fig. %j.— Sam a( Aifidium 

ramenu. At the apex of the stem the leaves are still less 
developed and completely cover the stem. It is three years 
from the first appearance of the rudimentary leaf to its com- 
plete unfolding. The leaf persists for one year, and then dies 
down to llie swollen base of its petiole. This latter portion 
persists for many years, slowly decaying from above down to 
the stem. 

3. Dig up a well-developed plant, and wash the stem well 
in water. 
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Note the roots, which proceed from all parts of the stem from 
the base to near the summit. They are thin, brown, wiry, with 
light-coloured apices, and are profusely branched. The stem 
proper is not visible, being covered below with the persistent 
bases of the leaves of previous years, and at the apex with 
those of the current year and with immature leaves. The 
latter with the apical portion of the stem form the Apical 
Bud. The. stem grows erect, or at least but slightly oblique, 
and after removal of the bases of the petioles it appears to 
be larger towards the apex than at the base. 

4. Cut the stem across horizontally about midway between 
its base and apex, and examine the cut edges after smoothing 
with a sharp razor. 

The section is very irregular in shape owing to the attach- 
ment of the petioles. Note that the outer portion is covered, 
with a thickish brown rind, from which arise numerous ramenta. 
The main portion of the substance of the stem — the Ground 
Substance — is light yellow in colour and somewhat friable. 
Darker spots appear on the section, the larger arranged in a 
ring. These are the sections of Vascular Bundles. The 
ground substance within this ring of bundles is known as the 
Pith, that outside as the Cortical Parenchyma. In the 
latter are seen sections of vascular bundles^ branches of those 
of the main ring of bundles, on their way to the leaves. They 
are the Leaf Trace Bundles. 

5. Make also a vertical section of the upper half of the 
stem, dividing it into approximately equal portions, and 
examine the section. 

Note the cylindrical shape of the stem, the angle of about 
60° which the petioles make with it, the ramenta which com- 
pletely clothe stem and petioles, and form a close thicket on 
the flat apex in which are leaves in all stages of development 
down to mere slight projections of the apical tissue. Note 
that when they first appear the axes of the rudimentary leaves 
are perpendicular to the surface on which they originate, but 
that subsequently they suffer a displacement of 30°, their 
smrface of origin, however, being displaced 90°. Mark the 
vascular bundles which are exposed. They do not form 



conUnuous series, and branches pass from them into the 
petioles (Fig. 59). 

6. Commencing at the base of the stem, strip off the 
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persistent bases of the petioles one by one. If they are bent 
back they snap off close to the stem. 

A few bring away roots with them, but the majority of the 
roots have their origin in the stem. The leaf-scars (Fig. 60) 
now show that 
the leaves are 
arranged on the 
stem in a spiral. 
Id very young 
plants the di- 
vergence is J, 
but as the plant 
gets older this 
arrangement of 
the leaves passes 
over into a ^ 
arrangement, 
and this to -fs- 

This divergence ^'"iJ^jftt^^'^^.T^'^f^'^fPl^'M^"' 
is generally re- 
tained in the mature plant or passes over into ^. At the 
apex proceed very carefully, and near its centre remove the 
ramenta one or two at a time with forceps. Then neat 
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the ceDtre of the apex will be seen with a hand lens a small 
projection, the Apical Papilla (Punctum Vegetationis^ 
or Growing Point), which terminates the apex of the stem. 

7. Take one of the longitudinally divided halves of the 
stem, and, working at the cut surface with a blunt penknife or 
other instrument, prise away the pith until a semi-cylinder has 
been hollowed out exposing the vascular bundles. The ground 
tissue readily separates from the bundles although careful 
manipulation is needed at the apex. 

The bundles are arranged in a cylinder of network with 
large open lozenge-shaped meshes. Each mesh is opposite 
the origin of a leaf, and is on that account called a Foliar 
Gap; the number of meshes therefore corresponds to the 
number of leaves. From the inside of the cylinder no 
branches are given off to the pith. At the apex the cylinder 
is nearly closed, being incomplete only below the apical 
papilla. 

8. Working from the side, lay bare all the branches of the 
vascular bundle system which pass out into a leaf. 

They are seven in number, all from the inner edges of the 
same mesh, one from its lowest angle, the others in pairs from 
higher up the mesh. The highest pair are the largest, and 
they enter and supply that side of the petiole which lies 
ventrally of the lateral ridges, the other five going into the 
dorsal side. Many other branches arise from the same mesh 
and pass out into roots. 

9. Cut a root across and examine the cut surface with a 
hand lens. 

One vascular bundle is seen occupying the centre of the 
root. 

10. The roots branch very freely. Examine the apices of 
roots for lateral rootlets arising close behind them. 

Note that a rupture of the tissue of the main root has 
taken place where a lateral root has arisen. 

11. Take the persistent base of a petiole, make a clean 
transverse cut, and examine the exposed section. 

Note first the yellowish brown rind, the ground-tissue as 
in the stem, and the exposed sections of the bundles — two 
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Fig. 6x. — Trans- 
verse section of 
petiole of Aspi- 
dium Ftlix-mas, 



larger on the ventral side and five smaller on the dorsal 
side. 

12. Dissect away die ground-tissue, and lay bare the 
bundles throughout some portion of their length. 

The five dorsal bundles anastomose fi-eely with each other 
and less freely with the ventral bundles, i.e. they are connected 
together by frequent branches passing from one 
to another. The two ventral bundles are not 
connected by cross bundles. At the top of the 
swollen portion of the petiole the five dorsal 
bundles are reduced by fusions to three. In 
the lamina branches pass out into the pinnae, 
and divide there as already described. 

13. Remove from the apex of the stem, and cut through 
longitudinally, leaves in all stages of development 

Note that the base of the petiole is first formed and is fairly 
well developed before there is any trace of lamina. Thus the 
growth of the leaf is apical, but limited. Leaves in a more 
advanced stage of development show the developing lamina 
rolled inwards on its axis in a spiral (in a Circinate manner). 
Note that whilst still tightly rolled up, and therefore in dark- 
ness, the lamina and axis show a 
green coloration. 

14. Search for the persistent 
bases of petioles bearing buds on 
their dorsal sides, some of them 
with several leaves in course of 
development and two or three 
roots. Clean the base of the 
petiole and the lateral bud by re- 
moval of ramenta, and section 
through bud and petiole longitu- 
dinally. 

Note the similarity, though on 
a smaller scale, of this bud to the 
apex of the main stem. 

15. Take another one and dissect away the ground-tissue 
from petiole and bud, laying bare the bimdle system. 




Fig. 62. — Longitudinal section of ihe 
petiole and bud of AsPidium 
Filix'vuu. f, vascular bundles 
passing into the bud; r, young 
root ; /. a leaf» 
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It will be found that branches pass from one or more of the 
dorsal bundles of the petiole into the bud. Shortly after enter- 
ing they unite to form a cup, and from the edge of this cup 
proceed branches which pass into the leaves and roots. If a 
transverse section be made through the bud stem close to the 
petiole the section of the bundle system will show a completely 
closed ring. 

Microscopic Work, 

For the investigation of the non-green tissues of the plant, 
alcohol material is very suitable, and in most cases desirable. 

1 6. Trim off with a knife a portion of a petiole base 
containing rind, vascular bundle, and the ground-tissue 
between them. Cut very thin transverse sections of this. 
Select the thinnest sections, mount in glycerine, and examine 
first with a low and then with a high power. 

Note first that the whole section appears made up of 
cellular elements. With the low power the whole elliptical 
outline of the vascular bundle is visible at once with its 
obviously dissimilar constituents. The ground-tissue shows 
rounded cells which, not coming in close contact with each 
other at all points, leave angular intercellular spaces. The rind 
is yellowish in colour outside, reddish-brown within, and consists 
of six or eight layers of cells, most of them with thickened 
walls. If a portion of a lateral ridge has been included in 
the section, it must be noted that the inner layers of the rind 
are discontinuous at that point, and the cells of the ground- 
tissue come nearly to the surface there. Examination with a 
higher power shows the following structures in order from 
without inwards : — 

{a) An outer layer of cells, the Epidermis^ the outer 
walls dark reddish-brown in colour, the lateral and inner walls 
being nearly colourless. All the walls are thin. Some cells 
of the epidermis are ragged where ramenta which are out- 
growths of the epidermal cells have been torn away from them. 

{b) A layer or two of cells with slightly thickened yellowish 
walls. 
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(f) Several layers of cells with reddish-brown strongly 
thickened walls. In very thin sections the colour is yellow. 
Contiguous walls show channels ot pits which appear to 
connect the lumen of one cell with „ j ,. 
that of the next, but do not really 
do so. 

These cells form a tissue which is 
known as Solerenohyma. The whole 
of the tissues a, b, and c constitute 
the rind already spoken of; b and c 
contain many starch - grains. The 
whole of the cells of the rind are in 
close contact with each other, and 
there are no intercellular spaces in it. 

(<0 The ground-tissue, Paren- f,^. ej. -ts™«« «c.™ 
ohyma, which consists of rounded ihrmighiheriiKioithtpMiiJe 

cells with thin colourless walls and epidenni!; *, lu^pidirmai 

many angular intercellular spaces. 

The walls are profusely pitted wherever the cells are in con- 
tact, the pits, as in the >sclerenchyma, extending down to the 
middle lamelbe of the cell-walls. In many parts of the section 
surface views of the cell-walls will be obtained, and there the 
pits are very evident. The outer walls of cells are very rough 
where they border on intercellular spaces. 
When first formed these cells are all in 
close contact at all points, but they early 
round themselves ofif and thus produce 
intercellular spaces. In many of the larger 
intercellular spaces are stalked glands with 
spherical heads attached to cells of the 
parenchyma. They contain resin. The ^'^^^^^'^'^e^Z^,, 
cells of the parenchyma immediately sur- 
rounding the vascular bundle are smaller than those further 
away. The cells of the ground-tissue contain abundant 
protoplasmic contents and starch -granules. 

{e) The Endodermia is a layer of cells which completely 
surrounds the bundle. The cells are of small width radially 
and are closely in contact with each other laterally. Theii 
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radial walls are so thin and easily collapsible that the cells are 
commonly compressed and difficult to make out. 

(/) The vascular bundle has no intercellular spaces. It 
contains the following tissues :— The Perloyole, the Phloem, 
the Xylem. 

i. The Fericyole consists of several layers of paienchyma- 
tous cells, more or less angular, with thin colouiless walls. 
At the ends of the major axis of the ellipse there are commonly 



Fig. 65.— Transverse seciion [hroueh a 
/, gronnd-llssue ; t, endnieiinis ; f, 

but two layers of the pericycle, at the ends of the minor axis 
four to six. The cell-walls are colourless, and are deeply 
pitted. The outer layer of cells of this sheath correspond so 
closely to the cells of the endodermis that they are seen to 
have had a common origin. They all contain abundant 
protoplasm and starch. 

ii. Next comes the Phloem, the elements of which are of 
three forms. On the outside, next to the pericycle, are Bast 
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Fibres, sometimes called Protophloem, as being first formed. 
Each shows a much thickened colourless wall with lumen 
almost obliterated. They are the only elements of the 
phloem which are found at the extremities of the major axis 
of the ellipse. Then the openings of the Sieve-tubes are 
to be. noticed. They have colourless walls, and are slightly 
larger than the cells among which they lie. Their only con- 
tents are a thin lining of a highly refractive glistening sub- 
stance. Around and amongst the sieve-tubes are parenchyma- 
tous cells. 

iii. The Xylem contains the largest elements of the bundle 
— ^large polygonal outlines with much thickened walls of light 
yellow colour. These are Tracheides^ amongst which lie 
many parenchymatous cells containing protoplasm and starch. 
These are sometimes called Packing Cells. A single layer 
of parenchymatous cells also completely surrounds the xylem. 
The tracheides have no contents. 

Such a vascular bundle as that now described is a Con- 
centric bundle. The xylem is completely surrounded by 
the phloem. 

17. Mount a similar section in Schultze's fluid. 

Note that the walls of all the parenchymatous cells of the 
section, as well as those of the sieve-tubes, are coloiured violet, 
showing the cellulose reaction. Starch appears in the ground- 
tissue, pericycle, and the parenchyma of the xylem; not, 
however, in all the cells between and amongst the sieve- 
tubes. Some of them, the Companion Cells, show much 
protoplasm but no starch. 

18. Mount another section in acid aniline chloride. 

The walls of the tracheides take on a beautiful golden 
yellow colour. This is the reaction for Lignin. The walls 
of the sclerenchyma are also lignified, but the reaction is not 
so evident here on account of their deep colour. 

19. Place a section in strong sulphuric acid and cover with 
a cover-glass. 

The effect of the strong acid is to completely disorganize 
the whole section. Walls of cells and vessels swell up and 
their outlines disappear. The only portions unaffected are the 
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radial Corky Walls of the endodermis, which now show up 
as clearly defined, thin, wavy lines. If the section is not too 
thin, pressure on the cover-glass will bring these walls to the 
surface and show them in their tangential aspect 

Very beautiful and instructive preparations of the bundles 
may be made by injecting them with colouring matter in the 
following simple manner : — Slip the end of a piece of india- 
rubber tubing about five or six inches long over the end of a 
persistent base of a petiole — alcohol material is the best — fill 
up the tubing with an alcoholic solution of fuchsine, and screw 
a small clamp on the other end. Place something on the 
middle of the tubing so as to exercise a steady gentle pressure 
and allow to remain for an hour or so. On removing the tube 
it will be found that the colouring matter has passed deeply 
into the bundles, but to a very slight depth in the ground- 
tissue. Cut sections from this, and mount in glycerine. The 
various elements of the bundle are rendered beautifully dis- 
tinct by this method. The contents of all the protoplasm 
containing cells within the bundle, as well as the walls of the 
tracheides, will be stained, but no colour passes through the 
endodermis. 

20. Lay some sections in £au de Javelle for an hour or so. 
This reagent dissolves out the whole of the cell contents. 
Wash well in dilute acetic acid, and mount in glycerine ; or 
stain with fuchsin and lay in glycerine for some hours, when 
the colour will be removed from all but the Hgnified and corky 
cell-walls. 

Such cleared divisions show the outlines of the cells well 
rt can now be seen that the cells of the endodermis correspond 
so closely with the outer layer of cells of the phloem-sheath, 
that there is no doubt they have a common origin. 

21. Prepare longitudinal radial sections through rind, 
ground-tissue, and bundle, and treat as with transverse sections. 
The details of cleared sections will be best made out 

The epidermal cells are now seen to be several times longer 
than broad, and with blunt ends. The cells of the sclerenchyma 
are long, with pointed ends, and their thick walls are deeply 
pitted down to the middle lamella. There is a quick transition 
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from these pointed celts to the sliort, blunt, tliiii and pitted* 
walled parenchymatous cells of the ground-tissue. In a thin 
and well-cleared section there will be no difficulty in making 
out the long narrow cells of the endodermis, in shape and size 
nearly resembling those of the epidermis. Next come the 
deeply pitted parenchymatous cells of the pericycle, possibly 
some sharp-pointed bast fibres, and then long sieve-tubes with 
delicate wavy walls. Much searching with a high power will 
probably be necessary before delicate pits in circumscribed 
Sieve-areas are to be detected on their lateral walls. Then 
'■ '■ pt- comes the parenchyma 

I surrounding the trache- 
ides, and finally in the 
middle of the bundle the 
tracheides themselves. 



Fio. 66.— LoDeitudiiul seciLon Ihrough 1 small a\halAlt^ut*Fi- 

vucular bundle in Ihc sKm of ^i/^/Hoi /-iVij- ' lix-mas with wavy 

cycle 1 1, litve.luba; I, Iracheides of lie lylepi. nodei. 

Note that they are many times longer than broad, and most 
have pointed ends. They are marked with peculiar transverse 
stripes like the rungs of a ladder, and are on that account 
called Scalarifonn tracheides. These stripes are deep pits 
in their wall. Outgrowths of the walls around the pit meet 
nearly in the middle line, so that the pit is wider at the bottom 
than at the top, and it is on that account called a Bordered 
Pit. Where one tracheide is in contact with another the pits 
in the two are opposite to each other; where a tracheide borders 
on a parenchymatous cell the common wall is pitted only on 
the side of the tracheide. 
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32. It is not easy to cut accurate tangentkl sections so as 
to get surface views of the endodeimal cells, but frequently a 
longitudinal section through a bunille passes out of the middle 
line so far as to expose the surface of the endodermis. Search 
for such a section, ^nd note the w^vy radial walls of the endo- 
dermal cells and their large and distinct nuclei. 

33. Isolate portions of vascular bundles and place them 
in a test-tube with a few crystals of potassium chlorate and 
stror^ nitric acid. Heat until bubbles of gas are fonned, and 
then fill up with cold water to stop the action. Or, better 
still, allow the whole to remain at the ordinary temperature 
for a week or two. Then place a small portion on a slide in 

a drop of water, 
A tease it out with 

needles, and ex- 
amine it either 
in water or in 
glycerine. The 
elfect of this 
maceration treat- 
ment is to dis- 
solve out the 
middle layers of 
the cell- walls and 
isolate the cells. 
Note the 
completely iso- 

¥ia.iS'~A^dium FlHx-mas. A. end uraualaiiibrmirache- latcd tracheides, 
id. ; -b. wh.l, ,™h=W= wi,K branching pro««. ^^^ ^j^^j^ ^^j^^^ 

ends which are pitted in the same manner as their side walls. 
Not unfrequently individuals are seen with forked ends. Look 
out for Spiral tracheides, i.e. with their walls thickened by 
spiral bands. These are the first formed elements of the 
xylem, and lie at the poles of the elliptical bundle. The 
long bast fibres with pointed ends are very evident. The 
parenchymatous cells form filaments, each of six or eight cells, 
placed end to end, the terminal cells being pointed at their 
free extremities; each group is fonned by the transverse 
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division of a long and pointed mother- cell. The sieve*tubes 
are recognizable only by their scanty contents being contracted 
into a slender cord running through the middle of the tube. 

Sections through the stem will show the same tissues in the 
same order as in the petiole. The bundles, however, are 
larger, and on account of their frequent branching are more 
complicated. 

24. Cut transverse and longitudinal sections through a 
very young bundle near the apex of the stem. Clear with 
potassium hypochlorite, stain with fuchsine, and lay in glycerine 
for a time. Then mount in glycerine. 

If the bundle is not too young the spiral tracheides which 
form the Protoxylem will be well stained and they alone. 
The centre of the bundle is made up of long, thin-walled, and 
pointed cells, which later become developed into the various 
elements of the bundle. 

25. Clear the apex of a stem and lay bare the apical 
papilla. Cut out with a keen knife a conveniently shaped 
wedge of the apical tissue containing the apical papilla, and 
from it cut longitudinal sections. Alcohol material should be 
used. Select the section which appears to be most median, 
clear in potassium hypochlorite, and mount in water or 
glycerine. The student is warned that it is not an easy thing 
to get a good me- 
dian longitudinal ^ 
section, and he 5^ 
must be prepared 
for many failures. 

Examine with a ^*g. 69.— stem apex oiAs^ium Ftlix-nias. «, apical cell ; 

/, origin of leaf; *, scales. (Hofneister.) 

high power. 

The actual apex is occupied by a tetrahedral cell whose base 
is convex and exposed. From this, by cell-walls parallel to 
the sides of the pyramid, successive cells are cut off, so that 
all those below the apical cell are its daughter-cells. Further 
divisions in these diflferentiate the apical tissue into three 
groups — 

i. An outer layer, from which the epidermis of the stem is 
developed. These cells divide mainly by radial walls* Some 
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however, divide by tangential walls, and give rise to the ramenta 
which thickly clothe the epidermis. 

iL A central bulky mass of tissue, forming cell-walls in all 
planes, the cells early partially separating from each other and 
forming intercellular spaces. 

iiL Running through this tissue strands of long narrow cells, 
which later develop into vascular bundles. 

Internal glands are early formed,in the intercellular spaces, 
and appear a veiy short distance behind the apex. 

26. Lay bare an apical papilla, and remove its apex by a 
transverse cut with a sharp razor. Mount in water and 
examine with a high power. If the section is too opaque lay 
it in potassium hypochlorite for a very short time, and mount 
in glycerine. 

Note that the section of the apical cell is triangular and 
the cells around it show by their relative positions that they 

have been cut off from it by walls 
parallel to its three sides. From the 
longitudinal and transverse sections it 
is clear that the apical cell is a three- 
sided pyramid, and that cells are suc- 
cessively cut oflf from it by walls parallel 
to its three sides. 

Examination of the rudiments of 
leaves shows that they have two- 
''^^W^^iL'ThTtS^caTSi; sided apical cells, from which segments 
;^iS JyS;?.^;/l ^i; are alternately cut off from opposite 

apical cell. (After Naegali sidcS 

andLcitgcb.) * . r -j • 

27. Stnp oflf a piece of epidermis 
from the upper side of a pinna of a leaf and mount in water. 

Note that it consists of large cells with sinuous outlines 
and abundant chlorophyll bodies. The cells are in close 
contact with each other. There are no intercellular spaces. 

28. Do the same from the under side of a pinna. 

There are cells of two kinds. Firstly, sinuous cells like 
those of the upper epidermis, and without intercellular spaces ; 
secondly, crescent-shaped cells in pairs, showing a cleft 
between them. These latter constitute the Stomata. The 
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crescent-shaped cells are the Gnard-cflUs, which are in 
contact with each other at tlieir extremities, but arc separated 
more or less widely in the centre. This Btomatio Cleft 
places the intercellular spaces of the leaf in connection with 
the external air. The guard-cells also contain chlorophyll . 

29. Cut off the tip of a pinnule and mount in water. 
Apply slight pressure, and air will escape from the cut edge- 
Examine with a low power.' 

The intercellular spaces are numerous and full of air, and 
the leaf is nearly opaque. Where air has been squeezed out 
it can be observed, by deeper focussing, that cells lying below 




fIG, ■Jl'—U; blercellulir spaces in Ihi 
miMphyll of the leaf of Asfidinn 
FiUx-mat. View ubtained by focus;-— 
bctow Ibe suiiacs. 



the surface also contain chlorophyll bodies. Special examina- 
tion will show that they have grains of starch in them as a rule. 

30. Lay a similar piece in potassium hypochlorite for a 
time until transparent j then mount in glycerine, and examine 
first with a low and next with a higher power. 

Note that the long axes of the stomata are parallel to the 
axis of the pinnule. With the lower epidermis uppermost, 
locus beneath it, and note that cells next succeeding are 
irregular in shape, with peg-like projections which attach them 
to the. epidermis and to each other. Amongst them are 
consequently many intercellular spaces. The cells immediately 
beneath the upper epidermis are not so irregular in shape, but 
are much more closely packed. The chlorophyll-containing 
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tissue lying between the epidennal layers is known as the 
MesophyU. Running throt^h the mesophyll are the vascular 
bundles. Above and beneath them the cells of the epidermis 
are elongated in the direction of (heir length and have no 
stomata. Get optical sections, and note that the simpler 
bundles have a few spiral and scalariform tracheides surrounded 
by delicate elongated cells. Note especially the terminations 
of the bundles a little short of the teeth of the pinnule. At 
the extremity each bundle is swollen, the number of tracheides 
there is much increased, and some one or two appear to 
project beyond the other elements of the bundle. 

31. Cut transverse sections across the pinnule. For this 
purpose leaves which have been kept in alcohol until somewhat 
crisp are best Pack several tc^ether all the same way, place 
within a piece of split 
pith and cut Clear 
in potassium hypo- 
chlorite, mount some 
*■/*• in water. Treat others 
with Schultze's fluid, 
with acid chloride of 
p„ aniline.and with strong 
sulphuric acid. Ex- 
^P amine with a high 

Fm. ^5.— TranivDM jection of a Itaf of Atfldntm power. 

Fibx'mat' tfi, c[HdeTnib of lh« upper surface ; ^ ,_, , . . ... 
i,staiBa;«-,guan9-o:Ils(//,i»liudepaRncbyaiai The leaf IS thickest 

■■'■'™"""'""' through the midrib. 

This projects strongly on the under side, a corresponding 
depression being found on the upper side. At these places 
it is strengthened by several layers of sclerenchymatous cells. 
The bundle runs through the centre, and is of the same 
character as those already described and of which it is a 
branch. The rest of the leaf is of about equal thickness 
throughout, the mesophyll consisting of four or Ave layers of 
large cells. The irregularly shaped cells of the lower spongy 
portion and their connecting processes are now clear. Since 
the processes project in all directions, some will be above 
or below the plane of the section, and these cells will appear 
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as if there were holes in them (Fig. 73). The ends of no 
processes are free; aU are united to processes of other 
cells. 

Look along the lovfer epidermis for transverse secUons of 
Btomata. These will now be seen to rise above the level of 
the epidermis. The guard-cells have irregularly thickened 
walls. Two ridges run along the concave faces of each, a 
groove lying between them, and the corresponding ridges of 
the two cells are opposed to each other. The two outer 
ridges border the Entrance, the two inner the Exit, the 
groove between them is the « 

Front Cavity, and the inter- __--,>^^ik 
cellular space immediately be- ep 5oQ^J^^^3?^^=5^ 
neath the stoma is the ReBpi- Fis. TT^IuS^ri^Iiil^^ 
ratory Cavity. Some of the ^imL^tfLt^. %'^ ^^^:^\ 
sections will show longitudinal f.sua^-ceii- 
sections of stomata, and ftom these it can be seen that the 
guard-cells are concave towards ihe mesopbyll 

Schultze's fluid stains the cell-walls of the section blue 
(cellulose reaction), with the 
exception of the scleren- 
chyma, the tracheides of the 
vascular bundle, the endo- 
dermis, and the outer layer 
of the outer wall of the 
epidermis. This latter layer 
is the cuticle. It covers the 
whole epidermis, includingthe 
guard-cells, and extends over 

the entrance of the stoma. ^"'■^^^:rTJ^'^^^^Fi'l 
Sulphuric acid dissolves every- ''™- *'• ^^'''>™ i")™ i r. toot-h«ir. 
thing but the cuticle and the endodermal cell-walls. Add 
aniline chloride shows that the tracheides and sclerenchyma 
are lignilied. 

32. Cut transverse sections of a root Mount some in 
water, clear others with potassium hypochlorite, and mount 
in glycerine. Examine with a low and with a high power. 

Note the irregular brown PiliferouB Layer, with some of 
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its cells growmg out into long unicellular hairs. Next to this 
is the thin and pitted-walled cells of the parenchyma of the 
root. Where a surface view of a cell-wall is obtained it is 
clearly striated obliquely in two directions. The parenchyma 
has no starch-grains. It passes over rather suddenly into a 
sheath, many layers thick, of sclerenchyma surrounding the 
axial bundles which occupy the axis of the root. In cleared 
specimens the endodennis is evident It is similar to that of 
the stem. At opposite ends of the ring of endodennis near 
the protoxylem of the bundle are sin^e cells, the so-called 



Flo. tS— TnUBvene section Ihrongh the central wlindei of a root of At- 
/idinm FUU-mat. u, scleienchynia i m, endodermu; pt, pencycle; 
pk, phlo^.i xy, xylem. 

Rhlzogento Cells, which are larger than all the others of the 
ring. In cells of the endodermis like these lateral roots have 
their origia Next to the endodennis comes the pencycle, 
consisting of a layer, in some parts two, of parenchymatous 
cells; then the phloem, alternating with the xylem and 
cont^ing many sieve tubes with polygonal outlines; and 
finally the band of xylem. The largest tracheides are in the 
centre, and they are also the youngest At the poles of the 
xylem are the two groups of protoxylem elements consisting 
of a few spiral tracheides. These are the first formed, and 
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they are subsequently united by larger scalarirorm tracheides, 
Because there are two masses of protoxylem, the bundle is 
said to be Siarch. 

Schultze's fluid shows that the cell-walls of the cortical 
parenchyma, the phloem, and pericycle are of cellulose, 
although the coloration is not immediate. Strong sulphuric 
add shows that the endodermal celt-walls are corky, and that 
there are also corky cell-walls in the cortical parenchyma just 
beneath the piliferous layer. These cells form the Exodermis. 
Acid aniline chloride demonstrates that 
the walls of the sclerenchyma, as well as 
those of the tracheides, are lignified. 

33. Cut longitudinal sections of a root, 
treat as above, and examine with a high 
power. Note the following. 

The cells of the piliferous layer are 
several times longer than broad. The cor- 
tical parenchyma cells show their delicately 



Fro. 78.— Longilodinal 
Hctido (hrouEh [he 
cclk of the scletcn- 
chymilauB shnth 
iDlheroolof.^^- 



pitted walls with small intercellular spaces. The sclerenchyma 
cells are long and pointed and deeply pitted with oblique 
pits. The elements of the bundle are similar to those of the 
stem bundles. 

34. Cut longitudinal sections of the root-tip, using material 
hardened in alcohol. To do this place it between pieces of 
pith, soft cork, or some succulent substance such as carrot, 
and cut through the whole, or fix it on the smooth surface of 
a cork with gum or coaguline and cut in alcohol, or, best of 
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all, with a solution of celloidin in a mixture of equal parts 
of absolute alcohol and ether, and cut in alcohol Clear the 
sections with potassium hypochlorite or potash solution, 
mount in water or glycerine. With a low power select that 
section which appears to be most nearly median, and then 
examine it with a high power. 

In the median section observe that the extremity of the 
root is occupied by a mass of tissue which caps the root proper, 
and which is on that account called the Root-cap. Its outer 
cells are constantly wearing off and being replaced by others 
which are the daughter-cells of the Apical cell of the root. 
This lies embedd«^ in the tissue at die base of the root-cap. 
Like the apical 
' cell of the stem, 

it is a three- 
sided pyramid, 
but unlike that 
it forms division 
walls in four 
planes — three 
parallel to the 
sides of the 
pyramid, and 
one parallel to 
its base, which 

Tia.n<—'BMX-KgOi':liAifi^itmFIBx^iii. m, gfucal cell i is tumed to- 
wards the root- 
cap. Segments parallel to the sides give rise by their divisions 
to the tissues of the root, the segments parallel to the base 
to the root-cap. At first the Meristematio cells are all alike, 
but a short distance behind the apex the cells at the centre 
lengthen out From these later on are formed the elements 
of the axial bundle. 

3S- Cut transverse and longitudinal sections of a root a 
short distance behind the root-tip. Clear with potassium 
hypochlorite, stain with fuchsine, and lay in glycerine for a 
time. Then mount in glycerine. 

Only the tracheides of the two groups of protoxylem are 
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stained. The large scalariform tracheides may be present but 
are not yet fully formed, nor are their walls lignified. 

36. Isolate the elements of the root by maceration with 
potassium chlorate and nitric acid. 

There is nothing special to note except that it can now be 
seen that the root-hairs are produced, not from the whole 
external surface of the epidermal cells, but from only a limited 
portion of eack The other elements correspond to those of 
the stem. 

ReprodiuHon, 

As will be seen later on, the whole of the cells constituting 
the fern plant are the direct descendants of a single cell, the 
Oosphere. All the members of its numerous progeny in 
early life, whilst constituting the meristem at its various 
growing points, have the power of division. In normal growth 
the vast majority by a limited number of divisions exhaust 
their power, and^ are then converted by growth alone into the 
different elements of the permanent tissues of the stem, root, 
and leaves. A few, the apical cells of the leaves, retain it for 
a longer, although still a limited peiiod. A smaller number 
still, like the apical cells of most buds, hold the power in 
reserve, and after a dormant period exercise it or not as the 
case may be. A very few, the apical cells of the stem, growing 
buds and roots, retain it and exercise it until, so far as is known, 
inhibited by conditions lying outside themselves. The apical 
cell of the stem or growing bud retains its individuality and 
power of producing cells, and thereby giving rise to new stems, 
leaves, and roots for a period, of which the limit, if there be 
one, is unknown, but is certainly very great After the forma- 
tion of every daughter-cell, the mother-cell grows to its original 
size before another cell is cut off from it. The activity of all 
these dividing cells is, however, dependent, amongst other 
conditions, on their retaining their natural connection with at 
any rate a large portion of the plant, for none of them are 
capable of assimilation, and must therefore draw their plastic 
substances for growth from the plant's stores of food, which 
we have seen are the stem and the swollen petiole bases. 
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But the plant produces other cells, each containing its own 
store of food, and each seveiing its connection with the plant 
and cariying on an independent existence. These cells are the 
Spores which, under favourable conditions, grow and divide, 




Fig. fa.—Aspidittm FiUx-miu. A, Kciion through leaf and lanis ; i, 
sporaneia ; i, indusinni j B, yoiuic spDiangiuin ; C, malure sporangium 
conUdiSog sports; rf, glandufar hi. (Sa3«.) 

thus producing other cells. They do not, however, develop 
directly into fem plants. 

37. Select a young, still rolled-up leaf, slit it longitudinally, 
and examine the young pinnse with a hand lens for developing 
sori on their lower surfaces. Cut thin transverse sections by 
imbedding a suitable piece in solution of celloidin, placing on 
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a cork, and cutting, when sufficiently set, in alcohol. It will 
generally be found necessary in this, as in other cases where 
meristematic tissues are cut, to clear in potassium hypochlorite. 
Mount in glyceritie, and examine with a high power. 

Look for transverse sections of sori. If at a suitable 
stage each will be found to consist of a small hemispherical 
mass of tissue, the Placenta, on the summit of which is the 
umbrella-shaped Indnsiani (Fig. 80, (), From superficial cells 
of the placenta are developed the Sporangia in the following 
manner : The cell divides by a transverse wall, and the outer 
cell so cut off is the mother-cell of the sporangium. This also 
divides by a transverse wall, and 
from the lower of the two cells so , 
formed arises the slalk, from the 
upper the head or capsule of the 
sporangium. The basal or stalk 
cell by growth and division forms 

a stalk of two or three rows of " 

cells. Frequently one of its cells 
produces a glandular hair similar 
to those already described. The 
upper cell divides first into four 
outer cells, enclosing a single cell, 
the ArcbeBporiom. The outer 
cells form the envelope of the 
capsule, dividing by walls perpen- 
dicular to the surface until a 

,..,,. , ,1 Fic- 8j.— SponnEinm of Aspidtust 

lenticular body is produced, the paix-mas. »« anauius; a-, iip- 
rim of which is formed by a ring « ■ ( on ig.) 
of cells with thicker walls than the others, and projecting 
beyond them. This ring is the Annulua. The archesporium 
Jirst cuts off an outer byer of cells, the Tapetum ; and at 
this stage the capsule consists of an outer envelope, the wall 
of the capsule, an inner envelope, the tapetum enclosing a 
single celL This latter then divides up into usually sixteen 
Spore-mother-cellB, whilst the cells of the tapetal layer are 
dissolved, and the spore-mother-cells float free in the liquid 
which fills the capsule. Each spore-mother-cell forms four 
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spores, the nucleus dividing first, each of which has a double 
coat, the outer of which, the exospore, is corky and much 
corrugated in the ripe 
spore. The sporan- 
gium opens when ripe 
and sheds its spores 
by the action of the 
annulus. On drying 
up this flattens some- 
what and is ruptured 
transversely. The rup- 
ture commences be- 
tween two Llp-oellB 
^««-««. .-9.oraerotaev<,iop£^i:(Afers^iU;j with Ugnified cell-waUs. 
In sections of a mature sorus it will be seen that it lies 
over a vascular bundle, the placenta bemg full of short 
tracheides. 

When studying sections of young piuns the student should 
not miss the opportunity of studying the development of the 
stomata, each from a single cell cut off from an epidermal 
cell, as well as the apical cell of the pinnae and lea£ 

38. Take a fiower-pot saucer, make a hole in it, half fill 
it witli a layer of peat, press this to a fairly smooth surface, 
and shake over it the leaf of a plant which is discharging 
spores. Keep it moist and out of direct sunlight Watch it 
from day to day with a hand lens, and remove and examine 
germinating spores in all stages of development. The earliest 
stages are best seen in spores germinating in a hanging drop 
of water in a moist chamber. The stages of development are 
as follow : — 

The exospore bursts and the endospore protrudes as a 
tube. Transverse divisions appear, and a filament of three 
or four cells is formed. Then longitudinal divisions occur, 
and the extremity broadens out into a flat expansion of cells, 
the Frothalllum, containing each a large nucleus and many 
chlorophyll bodies. At first there is a distinct apical cell, but 
this gives place to a depressed apical region occupied by 
many closely packed columnar meristematic cells. Many 
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cells on the under side grow out into Rhizoids. The mature 
prothalUum is roughly heart-shaped — several layers of cells 



thick behind the apex — ^has no intercellular spaces and no 
stomata, and grows obliquely upwards in a diffused light; in 
bright sunlight it clings closely to the substratum. 
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39. Remove a mature prothallium, wash it, mount it in 
water, and examine its under surface, first with a low and then 
with a high power. 

Note the points already mentioned. Some cells at the 
periphery are grown out into glandular hairs. Look for the 
Sexnal Oi^ans — the Archegonia on the thickened cushion 
of the prothallium in the middle line just behind the growing 
region, and the Antheridla behind amongst the rhizoids. 
Both project from the surface, and, in order to understand 
their structure, lateral (or sectional) views are necessary as 
well as surface views. They may be got thus : Fold a mature 
prothallium back upon itself along the middle line from apex 
to base. Mount it in water, and the sexual organs will be 
seen in profile along the ridge of folding. Another and better 
method is to harden mature prothallia in alcohol, pack them 
together in the manner directed for the leaves, and cut sections. 




opmeni. f proina 
le with starcD-grains, 



The development and structure of these organs can be fairiy 
well followed by the student. 

The antheridium first appears as a hemispherical projection 
of a superficial cell of the prothallium on its under surface. 
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A transverse wall cuts it off from its parent-cell, and ii is then 
divided into an angular central cell surrounded by a layer of 
chlorophyll-containing cells in two or three stages. One of 
these covers the extremity of the antheridium like a cap. The 
central cell divides up into a number of small cells which are 
the mother-cells of the AntherozoldB. From their nuclei 
are formed the spirally-coiled antherozoids, with cilia at their 
anterior extremities. In living prothallia, mounted in water, the 
bursting of the antheridium and the escape of the antherozoids 
can be followed. The peripheral cells absorb water, swell up, 
and burst the cap-cell in a stellate manner. From the rupture 
are pressed out the antherozoids, each in its little parent-oelL 
They soon escape from these, and move about in the water by 
the action of their cilia, each spiral antberozoid rotating on 
its axis during locomotion. Motion continues for about half 
an hour. Small vesicles containing granules, the remnants of 
the parent-cells, remain attached to the posterior extremity 
for a longer or shorter period, to be finally shaken off. 

The archegonium is also developed from a superficial cell. 
This projects and is divided into a row of three cells by trans- 
verse walls. The Basal Cell, the one in contact with the 
prothallium, forms the cells constituting the Venter of ihe 
archegonium, sunk in the tissue of the prothallium and enclosing 
the Oosphere. The terminal cell divides up into four rows 
of cells to form the neck of the archegonium. The middle 
cell pushes its way downwards between the neck cells, and 



Fiii. B5.— Arthegonii of ^i/WniJK ftVi^-WM. A, young i B, nearly mature ; o, 
oupherE % vj:, vcnlriil canal-cdl ) n.f. neck caaal-ceUs. (After Hofmeisler-) 

upwards between the cells of the venter, and divides into ihree 
—the large oosphere lying in the venter, the Ventral Canal- 
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cell also in the venter, and a long narrow Neok Canal-cell 
filling up the neck of the archegonium. When this is re^dy 
for fertili^tion the walls of the two canal-cells are converted 
into mucilage^ the neck of the archegonium opens at the apex, 
and the mucilage with the protoplasm of the canal-<:ells is dis- 
charged. If antherozoids are being set free close at hand, 
and the under side of the prothallium is covered with a layer 
of water, they make their way to the mucilage, being attracted 
by salts of malic acid which it contains, and crowd up the 
neck of the archegonium. One enters the oosphere at a spot 
which is less granular than the rest, called the Receptive 
Spot. The neck of the archegonium is convex towards the 
anterior extremity of the prothallium, and is therefore bent 
back towards the antheridia. This facilitates the entrance of 
antherozoids. In spite of this, extremely few oospheres are 
impregnated, absence of water being of course a fatal defect 

After impregnation, the Oospore commences to divide and 
form an Embryo. The first wall formed contains the axis of 
the archegoniumi but is perpendicular to the axis of the pro- 
thallium. This is the Basal Wall^ which divides the oospore 
into an anterior half turned towards the growing region of the 
prothallium, and a posterior half. Then two other walls are 
formed perpendicular to the basal wall and to each other. 
These are the Median Wall^ which contains the axis of both 
archegonium and prothallium, and the Transversal Wall, 
which is parallel to the surface of the prothallium, and divides 
the oospore into an upper and a lower half. These three 
walls divide up the oospore into octants, — two upper and two 
lower anterior, and two upper and two lower posterior. The 
student should round off the ends of a cork^ cut it into octants, 
and mark them as indicated. 

From one of the upper anterior octants is formed the 
growing point of the stem with its apical cell, the other does 
not develop. The two lower anterior octants develop into the 
first leaf, the Cotyledon. One of the lower posterior octants 
forms the first root, the other does not develop ; the two 
upper posterior octants develop into the Foot^ which consists 
of a mass of tissue remaining in the prothallium, and absorbing 
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from it nourishment to feed the young plant until it can get 
its ovm living. It should be noted that the first leaf and 
root arise independendy of the stem, all subsequent ones 
being developed from it. 

Should an archegonium be fertilized, the prothallium makes 
but little subsequent growth and soon dies away, but if un- 



Fia.86.— Ardiegoniiof Asfidiian Filix-mat. A, wilh antheioiaidi b the oosphcre: 
B, fbnaation of thE cmbtyo 1 (, iftet leniliiatiDn ; ^,'xsaa oospben which has escaped 
IcctUiialion. (Afler Hofineisler.) 

fertilized, then a prothaJIium can, under favourable circum- 
stances, lead an independent life for a considerable period. 
The prothallia of some ferns increase by vegeutive budding, 
these buds being detached and carrying on a separate existence. 
It has been seen that the prothallium of Aspidium Mlix-mas 
has taken the first step towards the dioecious condition, inas- 
much as antheridia are first produced, and then archegonia. 
But prothallia of fems are known which are completely dicecious, 
some bearing only male organs, and others female, although 
both kinds are produced from spores which are apparently 
alike in all respects. It must be mentioned here, also, for the 
proper understanding of the flowering plant, that there are 
fem-like plants higher in the scale of life than our fern whose 
dioecious prothallia are formed from unlike spores — male pro- 
thallia from small spores called Microspores, and female 
prothallia from large Maorospores, 
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For a time the young embryo remains imbedded in the 
tissue of the prothallium. Soon, however, the cotyledon -and 
root burst through, the root growing downward and the leaf 
and stem turning upward. The first leaf is very imperfect, 
and it is not until several have been produced that they are 
fully formed. Each year's increment of the stem is lai^er in 
diameter than the previous year's, so that for a time it is 
conical with the apex of the cone downward ; but a time comes 
when this is not so, and it grows fairly cylindrical There is 




Fig. 87.— Young plant of Alpldatm FUix- 
Kui siill studied 10 the [vothBlliuni, pr, 
I, first leaf; a, siem ap« ; r, tool. 

no means by which any portion of the stem, once fiiUy formed, 
can go on increasing in thickness. 

The stem of the young plant has at first but a single axial 
bundle, to which the single bundles from the leaves are united. 
At the fifth or sixth leaf the single axial bundle opens out into 
the network characteristic of the mature stem. Still, however, 
but one bundle passes into each leaf, that namely from the 
lower angle of its own foliar gap. In its second year, as the 
divergence still further increases, the leaves are stronger and 
more vascular bundles pass into them. 
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The alternation of generations in this plant is clear and 
distinct That which is commonly called the fern plant is 
the Sporophyte, bearing only spores and no sexual organs ; 
the prothallium is the Qametopliyte, or Oophyte, the 
sexual-organ-bearing generation. The two generations are 
correlated vith different conditions of life. The gametophyte 
is a semi-aquatic plant, a covering of water being a necessity 
for it to fully consummate its life ; on the other hand, the 
sporophyte is distinctly sub-aerial, dryness being necessary for 
the proper dispersal of its spores. It is considered that the 
gametophyte is the older generation, and that the alternation 
of generations has 
arisen by the in- 
terpolation of the 
sporophyte genera- 
tion between pre- 
existent, sub- 
aqueous gameto- 
phytes. 

The succession, 
then, is as fol- 
lows : — Oospore, 
Sporophyte, 
Spore, Oameto- 
phyte, and in As- 
pidium Filix-mas 
these occur in re- 
gular and unbroken 
order. Ferns are 
known, however, 
whose sporophyte 
is produced di- 

reCtly from the ituZum; »,<;nt ]»fl i^, sp« oC »ein; B>.niuuneTi» 

oophyte without of«"'=n'logenca,r«,t. (D, Bary.) 

the intervention of an oosphere. This phenomenon is known 
as Apogamy, and it occurs in, amongst others, a garden 
variety of our type fern, viz. var. crisiatum. Its prothallium 
produces no archegonia, and the sporophyte arises from it as 



1 
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a shoot The suppression of the spore is also known to occur 
in some cultivated varieties of ferns. In Athyrium Filix- 
fetnina^ var. clarissima^ sporangia are arrested in their develop- 
ment as sporangia, and are converted into prothallia, bearing 
sexual organs. In Polystichum angulare^ var. pulcherrimay 
prothallia are produced by vegetative growth from the pinnae 
without any connection with sporangia. The suppression of 
the spore is known as Apospory. 



CHAPTER Vlir. 

THE WHITE DEAD NETTLE (LAMIUM ALBUM). 

£xA.Mi(iE a wdl-grown plant, and note that it is erect, sym- 
metrically grown, well balanced, flexible and elastic, so that 
it gives to the wind or other pressure, and readily recovers 
its erect position. The stem is square, with furrowed sides 
and slightly projecting angles, green and hairy, the nodes 
swollen, the lower intemodes long, the upper short, being 
regularly smaller and shorter from below upwards ; at the 
apex the immature leaves and growing stem form an apical 
bud. The leaves arise at the nodes in pairs, opposite to each 
other, and the vertical 
plane which passes through 
the insertions of a p^r of 
leaves at any one node is 
at right angles to that which 
passes through the inser- 
tions of the pairs of leaves 
at the nodes immediately 
above and below. The ^ 
petioles of the leaves are 
regularly shorter from be- 
low upwards, so that the 
sub-aerial portion of the 
plant is pyramidal in 
shape. 

-_ , , . , . Fig. qo.— Leaf of Laminm athtm ; froDI wew. 

Each petiole makes an ""'^ 
acute angle with the stem; it is deeply channelled on its 
upper (ventral) surface, with projecting wings, and its lowest 
portion is almost the width of the stem itself' At its distal 
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end it bears a horizontally disposed entire lamina, with a 
mid-rib projecting below the lower (dorsal) surface of the leaf, 

and which is 
an evident pro 
longation of the 
petiole. The 
lamina is 
green, hairy, 
wrinkled, with 
heart - shaped 
base, and 
toothed mar- 
gin. The lower 
leaves have 




Fig. 91.— Side view of a leaf of Ltunium album. 



rounded, the upper pointed apices. The varying lengths of 
the petioles, together with the opposite arrangement of leaves 
on the stem^ secure that each lamina receives the maximum 
of light, and is as little shaded as possible by the leaves 
above it The branches of the mid-rib, which run through the 
whole of the lamina and cause its wrinkled appearance, are 
removed to some considerable distance below the lower 
(dorsal) surface of the leaf. In the axils of the leaves arise 
branches similar in all respects to the main stem. There is 
the rudiment of a branch in every leaf-axil, but only a very 
few of them develop. 

The sexual reproductive organs of the plant are borne in 
conspicuous flowers which grow in the axils of the leaves of 
the upper portion of the stem, several in each axil. The 
flower is symmetrical about the antero-posterior median 
vertical plane. Each flower consists of an outer, green, five- 
pointed cup, the Calyx, formed of five coherent Sepals (it 
is on that account Gamosepalous) ; within this, but pro- 
jecting considerably above it, is the white, hairy. Bilabiate 
(two-lipped) Corolla. The opened mouths of all corollae are 
turned outwards. The corolla is formed of five coherent 
Petals (on that account Gamopetaloas), one forming the 
lower lip, two the hood, and the apices of two lateral petals 
being represented by minute teeth. Inside the corolU are 
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four Stamens, two longer and two shorter (on that account 

Didynamous), each consisting of a long Filament, bearing 

at its apex an 

Anther. Some 

distance down 

the corolla-tube 

the filaments are 

adherent to the 

corolla (and are 

therefore said to 

be Epipeta- 

loos), but they 

can in the very 

young flower be 

traced to their 

origin on the pad 

of tissue at the 

apex of the 

flower-stem from 

which all its parts 

cr>.-in(T 4f llin FlG. M.—iowiun oWnm : side view of the (lower. A portion 

spring. At tlie „(^ ^j^^ ^^ ^„ ^„1 a«ay ■ . . l,ow Ihe - li,ro« %f the 

bottom of the "*""»■ 

corolla-tube, and occupying the centre of the flower, is the 
Ovary, from the middle of which arises the long Style, which 
is forked at its apex and terminated by Stigmaa. The fila- 
ments bear the anthers under the hood of the corolla in two 
pairs, and one of the stigmas projects slightly from between 
them. The stamens collectively constitute the Audroeoium, 
and from them are developed the male organs of the plant; 
the ovary contains Ovnlea, and forms, with its receptive 
apparatus, the stigma, and conductin_!r apparatus, the style, the 
Oynceoium, or female organ. The flower fades, but if ferti- 
lization has been effected the ovary grows largely, and divides 
into four nutlets, which form the fmit of the plant, and from 
them other plants of the same kind arise under favourable 
circumstances. 

A young plant will be found to have a single root, which is 
a direct continuation of the stem, and from which lateral root- 
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lets arise. The older plant branches copiously at the surface 
of the soil, the branches running along close to or just 
below the surface for two or three intemodes, sending out 
roots from the subterranean nodes (the stem is deotimbent), 
and then rising erect into the air. The woolly appearance of 



the young roots, due to the copious production of root-hairs 
just above the root apex, is easily seen. 

The plant flowers freely throughout the year and very late 
into the autumn. The severe weather of winter causes it to 
die down to the creeping stock, from which branches arise in 
the succeeding spring. It is therefore peretmiaL The whole 
plant has a peculiar scent, which can scarcely be described as 
pleasant 

I Practical Work. 

Remove a well-grown plant, and note the points already 
dealt with. 

t. Cut across an intemode high up the stem, examine th? 
cut edge with a lens if necessary, and note the square sectiotv 
the projecting angles, and the two furrowed and two rounded 
sides. Mark the cut edges of eight Vascular BtmdleB^ 
four Urge ones at the angles, and four smaller ones opposite 
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the middle of the sides. Each large bundle in the angle is 
in reali^ two bundles close together. The bundles lie in 
a colourless ground-tissue, that portion outside the ring of . 
bundles being known as the Cortex, that inside as the 
Pith, and the portions between the bundles as the Primary 
Medullary Rays. The projecting angles of the stem can 



Fig. 94-— TransverM section ihreugb yonng Fio. 95.— Ttanivets* seciion through old 
stem of Lamiutn album, v, vascular bun- intemode of LaniiHm aiium. f, pith 

be easily pulled off through an entire intemode. They are 
formed of a tough, elastic and striugy tissue. 

2. Cut across one of the older intemodes, and note that 
the bundles are connected together by a ring of tissue which 
is well differentiated from the ground-tissue. The intemode is 
here hollow, the torn fragments of pith showing clearly how 
the hollow has been formed. Nevertheless, the hollow of each 
intemode is separated from that of the next by a layer at the 
node. 

3. Talce a fresh stem and with a blunt knife remove the 
cortex, laying bare the vascular bundles throi^hout the whole 
length of an intemode. They appear as white strands, the 
white appearance being due to the fact that the vessels of the 
woody portion are filled with air. The bundles do not anasto- 
mose within the intemode. 

4. Trace the bundles up and down to the nodes, laying 
bare those which enter the leaf and those in the node on the 
side adjacent to it 

The leaf-trace consists of three vascular bundles, a median 
small one {a), and on each side of this a larger lateral 
bundle {bsoAc). Immediately on entering the petiole each 
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of the latter gives off a small branch {d and e) from its 
outer side, which passes up in the wings of the petiole. The 

median bundle of the leaf trace 
passes down through two inter- 
nodes of the stem. At the first 
node below, where there is no 
leaf on its side of the stem, 
it anastomoses by short trans- 
verse trunks with the bundles 
in the angles of the stem right 
and left of it, at the second 
node it forks and its shanks 
there fuse with the same two 
bundles. The larger lateral 
bundles {b and c) of the leaf- 
trace also pass down through 
two intern odes, in the first side 
by side with a lateral bundle 
of the next higher leaf, which 
fuses with it at the first node 
ir.^ «A Ti, u ^1- . r .u . below, and in the second side 

riG. 96.— The bundle system of the stem ' 

of La^iinm album projected on a by side with a lateral bundle 

verucal plane. / , , , /. . , 

from the next lower leaf, with 
which it fuses in the second node below. The two bundles 
running side by side in each angle of the stem are so iilti- 
mately in contact that they appear like a single bundle. 

5. Trace up the bundles in the petiole of a leaf by 

d , . _ e removing tissue from the under 

side of the petiole until the bundles 
are exposed. 

Note that ridges on the dorsal 
side of the petiole correspond with 

Fig. 07.~Transverse section of petiole the COUrseS of the large lateral 

it''^^::^^^^^^^^\''t^^i b^^^l^s. The small median bundle 

^"°^^®=*- joins a branch of one of the lateral 

bundles just after entering the lamina, and the small bundles in 

the wings of the petiole do the same. The large lateral bundles 

divide up in the lamina, and their branches radiate to all parts 
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of the leaf and, by frequent anastomoses, form the network of 
bundles. Their ultimate branches terminate in the teeth of 
the leaf, and a hand lens will show that the apex of each tooth 
is a swollen papilla. 

6. Dissect out tlie bundles entering a branch. 

Two enter it, one from each adjacent angle of the stem. 
Each bundle divides into two on entering the branch, and thus 
form the four bundles in the angles of the stem. 

7. Cut across a vigorous root, and note that it possesses a 
single axial strand, apparently similar to that in the root of 
Aspidium. . 

8. Mark the origin of adventitious roots. Usually two are 
produced at a node, one on each side of a branch in the axil 
of an abortive leaf. 




Microscopical Work, 

9. Cut thin transverse sections of an intemode not far 
removed from the apical bud. Mount one in solution of iodine 
in potassium iodide 
and examine. 

Note that some 
little distance inside 
the epidermis there is 
a ring of cells contain- 
ing abundant starch- 
grains. This ring of 
cell? is the Endod^r- 
mis. It is the inner- 
most layer of the 
Cortex, which it thus 
separates from the 

Central Cylinder of ^ig, 98— Hairs of Lammm album, A. glandular; 

\\\tx cf Ani . C, surface view of glandular head ; B, jointed ; D, 

MIC biciii. ^^jjg ^j ^^ ^^^ ^^ ^ jointed hair. 

10. Clear similar 

sections in eau de Javelle, mount in glycerine, examine with 
a high power, and note the following ia order, from withput 
inwards ;— ^ 
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I, Cortical Tissues. 

{a) A single layer of Epidermal cells, with thickened 
outer and inner and thinner radial walls. Single cells grow out 
into Glandular Hairs, each hair consisting of one or two stalk' 
cells and a globular head divided into from two up to eight cells. 
Long Jointed Hairs are also present, chiefly at the angles 
of the stem. Each of these is seated on several — usually seven 
or eight — radially-arranged epidermal cells, and consists of two 
or sometimes three elongated cells maiked on the outside with 
small projections, the uppermost being pointed and the lowest 
with a bulbous base, (he whole standing on a warty elevation. 
All parts of the plant 
are covered with one 
or other of these 
forms of hfurs. Sto- 
mata are fairly nu- 
merous on the stem. 
{p) Cells wilh 
walls thickened at 
the angles. This 
C ollenohymatotu 
^'°i2^«™l^ ThS're-'e^'tSiSfs'wI^tn^ lissuc forms a single 
^■^^\t.f, <:otiipi v^nwQoi^-. tH cn^Tvasx layer nexl the epi- 

frr, pencycJe i VJ^t vascular bundle ; /, ^th. ... 

dermis in all parts 
.but the angles, which it fiUs many layers deep. The cells 
contain chlorophyll. 

if) Cortical Parenchyma, consisting of rounded cells. 
This forms the main mass of the cortex, and contains many 
intercellular spaces. 

{d) The Endodermis, which is the innermost layer of the 
cortex. Its cells are similar in size and outline to the cells of 
the cortical parenchyma, but are distinguishable by their starchy 
contents. Later, their radial walls are cuticularizeA 

II. "Hssues of the Central Cylinder. 

(a) The Perioyole. This forms a complete ring imme- 
diately underneath the endodermis. Its cells are smaller than 
those of the pith or cortex, and are angular, without intercel- 
lular spaces. In the very young internode there is but a single 
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layer of peiicyclic cells, in a slightly older one two, or in places 
three. The cells of the pericyde are densely filled with granu- 




Fio. 100.— Tiansveria 



^ 'ilS^^5'' ^1?^ F:c. .6..-T™.™™ «cii™ though 
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lar protoplasm. Adventitious roots have their origin in this 
layer. 

{b) The Medolla, or Fith, consisting of larger rounded 
cells with intercellular spaces. It extends to the centre of the 
stem. 

{£) The Vascular BondleB, The number will vary 
according to the age of the intemode. In such as that now 
under examination 
eight will appear — 

four large double ■'■ 

bundles at the angles 
and four email ones 
altematiDg with them. 
There is an obvious 
distincdon between 
the Xylem tm the 
inside, the Phloem 
on the outside, and ' 
the separating line of 
Oambiam. The 
bundle is thus not of 

fln» rnnrpntnV Ivnc P'°- iw-—TriinivtrK SKiion of « portion of a vascular 

tne conceninc type, bii™iie<rfzam.v,-..a/w<. ^,,l!)ri=ni;;«^,phiotai; 

as in the fern, where tfl.cimbiuini *.«.,primaryx)rlem; o.ytHeh/a'-, 
_. ~,.^ > , juutnchyma of Ihe wood ; J,/, Jeve-tubM. 

the bast surrounds 

the wood, but is of the Collateral type. Note the 

following ; — 
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i. The large vessels of the Xylem in radial rows. The 
smallest, which are also the oldest, towards the centre, where 
they are early crushed by the lateral growth of the cells on 
each side, the youngest and largest towards the peripher}'. 
The rows are in places duplicated. The thin-walled angular 
elements between the vessels are parenchymatous cells of the 
wood. 

il The Cambium; between xylem and phloem, consisting 
of very thin-walled cells actively dividing by tangential, and 
occasionally radial walls. The new tangential walls are formed 
in the layer close to the phloem, and the daughter-cells of 
each cambium cell lie in a radial row, the inner ones forming 
xylem elements, the outer phloem. The latter is very little 
added to by the activity of the cambium, the former very much. 
Each daughter-cell gradually alters its character, being formed 
into a permanent member of the wood, or bast. 

iil The Phloem^ which consists of Sieve-tubes^ whose 
transverse sieve-plates are not unfrequently visible; Com- 
panion CellS; whose small cross-sections are well seen lying 
close to the sieve-tubes ; and Bast Parenchyma. 

The section of a very young internode will show but four 
vascular bundles, two on each convex side of the stem. These 
are the leaf-trace bundles of the next higher pair of leaves. 
In an older internode there will be found eight bundles, two 
in each angle. Later still the small bundles between the 
bundles at the angles appear in the pericycle. 

11. Treat such a cleared section with acid aniline chloride, 
and note that the walls of the older vessels are lignified. 
There are, however, full-sized vessels close to the cambium 
layer which are as yet thin-walled and unlignified. 

Schulze's fluid will show that all the elements of the section, 
with the exception of the xylem vessels, cuticle, and epidermal 
outgrowths, are of cellulose. 

12. Treat with strong sulphuric acid, and note that the 
cuticle and hairs are not dissolved, and are therefore cuticu- 
larized. 

13. Treat an uncleared section with solution of iodine in 
potassium iodide. 
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Note that the cambium cells and the cells of the pericycle 
are full of protoplasm. The parenchymatous cells of the 
cortex and pith also contain protoplasm, as well as the 
epidermal cells and those of the 
coUenchyma. The mature vessels 
pf the wood are empty; those 
still immature contain proto- 
plasmic contents. The starch of 
the endodermis has already been 
noticed. 

14. Cut sections through a 

somewhat older intemode, clear, Fig. ioj.— Formation of interfascicular 

, - , ' cambium from the pericycle of the 

and mark that changes nave &tem oi Lammm album. The first 

. , , • .1 •11. tangential walls are formed, eitd, 

taken place m the pencycle be- endodermis ;>^r, pericycle; a pith; 
tween the primary bundles. In -^^'y^^ng^i- 
the outer layer of cells, here and there, are formed small 
groups of phloem elements, and occasionally these are sub- 
tended by xylem vessels before 
other changes occur in the 
inner pericyclic layer. Even- 
tually tangential walls in the 
inner pericyclic layer appear 
over all the interfascicular por- f^^ 
tion, and generative cambium 
is formed which is connected 
laterally with the fascicular 
cambium, and so completes 
the cambium ring. As a ne- 
cessary result the interfasci- 
cular pericycle disappears as 
such, but persists outside the 
primary bundles. 

15. Cut transverse sections Fig. io4.-Secondarv grovnh in'thickness 

through old intemodeS near of the stem oi Lamium album, efid, 
o >* ^"^ endodermis; /A/, phloem; ca^ cam- 

the base of the stem. Clear ^j"™ ; ^-^y.* secondary xylem (trache- 
. »des) ; A pith. 

and examme. 

The activity of the cambium has added a thick ring of 
wood to the stem. The new wood, both in the primary 
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vasculax bundles and between them, consists mainly of thick* 
walled Ugnified Traoheides lying in radial rows. The amount 
of secondary phloem formed is extremely small. Note the 
cavity in the centre of the internode and the manner of its 
formation. 

Since the stem of this plant does not persist for more than 
one year, the activity of its cambium is necessarily Kmited. 
In many other dicotyledons the generative activity of the 
cambium, suspended in winter, is resumed the following spring. 
And since, as a rule, the secondary woody elements of spring 
are much larger than those formed in the previous late autumn, 
an obvious differentiation of the wood into annual rings is 
brought about 

The vascular bundles of monocotyledons have no cambium. 
They have, therefore, no power of forming secondary elements, 
and are known as Closed Bundles. Nevertheless the per- 
sistent stems of some arborescent perennial monocotyledons, 
such as RuscuSy Yucca^ Dracosna^ and others increase their 
vascular tissues in this way. By the generative activity of 
their pericycle are produced secondary, tertiary, etc, paren- 
chyma, in which appear isolated closed collateral bundles, the 
youngest bundles being towards the periphery of the continually 
enlarging stem. 

The cortical tissues of the stem and root must accom- 
modate themselves to the increasing diameter of the central 
cylinder. In Lamium this increase is mainly in the wood, 
and although new wood elements are formed centrifugally, the 
effect is chiefly to push the older elements towards the centre 
of the hollow internode. What little increase there is in the 
diameter of the stem and root is accommodated in the cortex 
by the formation of a few radial walls. In stems which con- 
tinually increase in diameter this is not enough, and as a 
consequence cortex and epidermis are ruptured by the growth 
in thickness of the central cylinder. In such cases the necessary 
protection to the all-important conducting vascular tissue is 
given by the production of Cork. A ring of cells of the cortical 
parenchyma at various depths below the epidermis in various 
plants, or in many cases a layer of cells of the pericycle, 
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becomes meristematic, and forms a Cork-cambltmi, or 
Fhellogen, from which by tangential walls are cut off on the 
outer side cork-cells in radial rows, and, in some cases, on 
the inner side parenchymatous cells containing chlorophyll. 
The tissues outside the cork are thrown off, and the cells of 
the latter being strongly cuticularized afford an efficient pro- 
tection to the central cylinder. Where the cork is formed 
from a layer of the cortex near the epidermis, a Lentlcdl is 
also formed underneath each stoma, through which the inter- 
cellular spaces of the stem are kept in communication with 
the external air. In the elder, for example, by divisions in 
various planes the cells surrounding the respiratory cavity 
beneath a stoma form a loose mass of rounded colourless 
Packing Cells which, increasing rapidly in number, rupture 
the epidermis. The outer packing cells are being continually 
thrown off and replaced by new cells from within. 

16, Cut longitudinal sections of not too youngan intemode 
■ as nearly as possible radially through one of the large bundles 
at the angles. Clear some in eau de Javelle, examine all 
with a high power, and note from the outside inwards. 

The cells of the epidermis are short, those of the collen- 



chyma much longer, and are obviously derived from mother- 
cells with pointed ends. They are chambered by horizontal 
w^ls. The thin-welled cells of the parenchyma of cortex and 
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pith are not much longer than broad. The cells of the 
endodermis are clearly recognizable by their contents of starch- 
grains. The pericycle cells, which come next, are full of proto- 
plasm, and have large and conspicuous nuclei Note the 
elements of the vascular bundle in order. The Sieve-tubes 
are long, thin-walled, with horizontal or slightly oblique parti- 
tions, which are pierced in the manner already described. The 
tube is slightly swollen at the sieve-plate, and a plug of highly 
refractive slime usually covers one side of the plate. The 
companion cells, smaller than the sieve-tubes, may also be 
seen. The sieve-tubes can be especially well seen in a longi- 
tudinal section taken shortly behind the apex, where for a 
time they are the only constituents of the bundles. The 
parenchymatous cells of the phloem are very evident. 

Within the phloem are the Cambium Cells, delicately 
thin-walled with horizontal transverse walls. 

The Vessels of the Wood. The oldest are small spiral 
and annular vessels with a steep open spiral, or widely sepa- 
rated rings. Occasionally at the end of the section a thickening 
spiral has parted company with its vessel, and it can then be 
seen how thin is the wall of the vessel around which the spiral 
has been coiled to strengthen it. Larger spiral and annular 
vessels succeed with closer thickening bands. The newest 
formed are comparatively short tracheides, whose longitudinal 
walls are marked with horizontal bordered pits. Their dividing 
walls are horizontal, and are not pierced but pitted. 

The parenchymatous cells of the wood. These are thin- 
walled and lie along and between the vessels. 

17. Prepare similar longitudinal sections through an old 
internode. Note here particularly the thick- walled sclerenchy- 
matous tracheides of the secondary wood. Their walls are 
sparingly pitted with the oblique narrow pits described in the 
fern. 

18. Prepare longitudinal sections through the secondary 
interfascicular wood, and note that it is composed of tracheides 
similar to those of the bundles. 

19. Prepare tangential sections of the outside of the stem 
and clear. Note the stomata, which are usually in small groups^ 
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and mark especially the large air-spaces in the hypodermal 
layer beneath the groups of stomata which send radial branches 
into the tissue of the cortex, and are therefore best seen in a 
tai^ential section. The cells of the hypodermal layer in the 
neighbourhood of stomata are smaller than at other points. 
20. Make tangential sections through the phloem of a 




large vascular bundle of an oldish intemode. Alcohol material 
should be used. Clear some and mount others in glycerine 
without clearing Examine with a high power. 

In the cleared sections the sieve-tubes will be found with 
perforated transverse walls. These are the sieve-plates. In 
the uncleared sections each sieve-plate will most probably have 
a plug of a highly refractive colourless substance on its under 
side. This may either be concave, plane, or convex towards 
the cavity of the member of the tube. In each case its 
periphery will be found to be in connection with the contents 
of the member. If an uncleared section be treated with 
solution of iodine, the plug as well as the other contents of 
the tube will show the reactions of protoplasm. Starch-grains 
may be found in the sieve-tubes, especially about the sieve- 
plates. Some sieve-plates are to be found on the lateral walls 
of the tubes where they border other sieve-tubes, and these 
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are also covered on one side with plugs of slimy protoplasm. 
In all cases these plugs send blunt processes through the pores 
of the sieve^plates. 

Towards the end of the period of flowering the sieve-plates 
of old tubes are covered with a mass of Callus, which com- 
pletely closes them. Corallin stains the callus a rose-red, and 
Schulze's fluid brown. 

21. Cut longitudinal and transverse sections through a 
petiole near its base. Clear and examine. 

The epidermis and hypodermal layer are similar to those 
of the stem. The angles are occupied with collenchyma, which 
is continuous with that of the stem^ There are five vascular 
bundles. The xylem is on the upper, the phloem on the 
lower side, so that the bundles pass from stem to petiole 
without twisting. Each has a layer of cambium, with, however, 
but a limited power of reproduction Iodine will show that 
a starch-bearing endodermis, similar to that in the stem, passes 
across the petiole on its under side from the outer edge of 
the bast of one of the large bundles to the outer edge of the 
bast of the other. A layer of endodermis also lies below 
the bast of the two bundles in the angles of the petiole. These 
layers of endodermis are accompanied, as in the stem, by a 
pericycle which, below the bundles, is several layers thick and 
coUenchymatous. 

22. Clear a piece of leaf-blade in eau de Javelle, mount, 
and examine. 

The epidermal cells have sinuous outlines. On the upper 
side there are no stomata, but pointed and glandular hairs are 
numerous. Focus below the epidermis, and note the outlines 
of the palisade cells, which are not everywhere in contact 
laterally, but show small intercellular spaces. The courses of 
the anastomosing vascular bundles can be followed. Some 
terminate in a single spiral tracheide, which ends blindly in 
the mesophylL The epidermal cells over the bundles are 
elongated in the direction of the bundles. On the under side 
there are numerous stomata, but the directions of the stomatic 
clefts do not bear any constant relation to the axis of the leaf. 
The hairs are numerous. Focus below the surface, and notice 



The White Dead Nettle i6l 

that the next layer of the mesophyll is looser, with very many 
and large intercellular spaces. 

23. Examine terminal papillae of the teeth of leaves. The 
main branches of the vascular bundles converge to, and termi- 
nate here. The number of tracheides is largely increased at 
the end, and they are there associated with a small-celled thin- 
walled glandular tissue. There are numerous pores and 
stomata on the upper side of each papilla, and a few towards 
the apex are larger than the rest and appear permanently open. 
These are Water-pores^ and the papilla is a Water-gland. 

24. Examine fresh leaves mounted in water, and note that 
the epidermal cells have no chlorophyll corpuscles, but that the 
guard-cells of the stomata and the underlying mesophyll are 
abundantly supplied with them. The intercellular spaces of 
the leaf are filled with air. 

25. Cut transverse sections of leaves hardened in alcohol 
Note that the chlorophyll has been dissolved out of the 

corpuscles. The bundles have no cambium. The wood is on 
the upper, the bast on the lower side, and coUenchymatous 
pericycle below that. The epidermis shows a well-developed 
cuticle, and the transverse sections of stomata show that they 
are in all essential respects similar to those of the stem. The 
Palisade cells are in a single layer, and there are about two 
layers of irregularly shaped Spongy Parenchyma cells, with 
processes by which they are connected together. There are 
numerous chlorophyll corpuscles in the cells of the mesophyll. 

26. Separate several teeth of the leaf-blade, pack them to- 
gether all the same way between two pieces of pith, and cut 
longitudinal sections through the water-glands. Clear some, 
and examine all with a high power. 

If a median section is got it will show the bundles entering 
the gland and proceeding to its lower side, giving off isolated 
spiral tracheides, which end blindly in the glandular tissue. 
This latter is composed of small, thin-walled, nearly isodia- 
metric cells, loosely arranged. There is a large hollow on the 
upper side of the gland, which is bounded towards the outside 
by the epidermis and a single layer of irregularly shaped 
mesophyll cells. There is but an exceedingly thin cuticle on 

M 
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the epidermis over this space, and in the young leaf even this 

appears to be absent. It communicates with the exterior by 

■ -mssc P'*^^^ which are externally similar 

■JliC !''■'■'- . : T^aJHnj to but larger than ordinary stomata. 

■i'^3Ssi?'''-'iiiK'''"'"^^*TO. ^'' ^^^^^ ^ strong subterra- 

iI'y;;'.',;.'^Hfe'..' '.'■'■. nean shoot, wash it well, and 

'■■^iir^iC' 'yflSM harden in alcohol. The apical bud 

^^iii^. • ."*■ UtUffi*'' I ■' .. of such a shoot is formed of the 

"w!^ ' ' --«^Bt. ■■ "'■ growing point enveloped by leaves, 

^"' -JWr j8^~ ' ' ?^ which are never developed beyontl 

'.i^SflBK- jS^' ' the initial stages. Being short and 

; 1^^^^ '-^Eiir.'. ." comparatively thick, it is more 

Fiii. io8.— Sedion ihrouEhawmer- suitable than any other stem apex 

vucitiar bu^e^lu./, water ^ of the plant fof Cutting sections. 

»a.»if/.gL™jub«..«,i=. Remove about an eighth of an 

inch, place between pieces of pith, or imbed in celloidin, 

and cut longitudinal sections. Clear in eau de Javelle, and 

examine. 

Noletherounded apex, composed of ihin-walledmeristematic 
cells, and the leaves origi- 
nating in pairs behind it. 
Each leaf appears first as 
an emergence of the der- 
matogen and the tissue im- 
mediately underlying it just 
behind the apex. In the 
. axils of the leaves appear 
the rudiments of buds. At 
the apex the Dermato- 
gen, or formative tissue of 
the epidermis, is clearly 
defined, with its periclinal 
walls thicker than the an- 
^'X^^hti^^'T^mtL'^^V^'^%^^ ticlinaL The cells of this 
n]™e'of Mcii^"^" ' nodts.^ jis" bfiow (he igyg^ iozm DO new periclinal 
walls. The layer of cells 
next to the dermatogen is also well defined, with thick peri- 
clinal walls. In this layer, from which the coltenchymatous 
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envelope of the stem is formed, no new pericllnal walls are 
formed, except In the production of lateral members. For some 
little distance behind the apex no resolution of the meristem 
into Periblem, or formative tissue of the cortex, and Plerome, - 
or formative tissue of the central cylinder, is possible. About 
the third intemode behind the apex, however, strings of elon- 
gated cells are seen, which are the unformed elements of the 
vascular bundles. These are the Initial StraiulB, which are 





i WmoS L<imi-m aib,. 




>cm.ii«1»y«of Iht 


S?r- ^■'"' 


primaiy merisi™; /, 




near the dividing lines between plerome and periblem. Very 
near the apex the smaller, more crowded cells mark out the 
positions of the nodes. 

28. Cut thin transverse sections of a strong young root 
bearing root-hairs. Alcohol material is best. Clear in potas- 
sium hypochlorite solution, and examine first with a low and 
then with a high power- 
Note that there is a Central Cylinder surrounded by a 
Cortex. Commencing from the outside, examine the follow- 
ing in order, from without inwards t— 
I. The Cortical Tissua. 

{a) The outermost Piliferous Layer appearing of crushed 
and collapsed cells (crushed in cutting), some of which are 
grown out into unicellular root hairs. 

(fi) A layer of Exodennis. This is the better seen in an 
older root where its walls do not swell up under the action of 
the clearing reagent. 

{e) The parenchymatous cells of the Cortex with small 
in leicellular spaces. • ';':'•" ''.''■ 
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(d) The EndodermiB, a single layer of cells without inter- 
cellulaT spaces, each of which shows a dark dot on its radial 
walls caused by the reflection and refraction of the light away 
from the surface of its section by these walls, which are 
puckered from above downwards. 

11. TAe Tissues of the Cetitral Cylinder. 
(a) The Perioycle, a layer of small cells which is single 
in some places and double in others. 

iP) Several Xylem lays alternating with an equal number 

of Phloem masses. These are on the same circumference, 

and separated from each other by a small celled tissue. The 

wood is represented by a few spiral vessels, the smallest and 

oldest of which 

are outside; the 

bast by a few 

sieve-tubes and 

parenchyma 

■ cells. 

(f) The Pith, 
a lai^e-celled 
tissue occupying 
the centre of the 
root. 

There are 
F.C. ....-T™,sv«««c.ion.h™Mib.h=«ntr=aa.b<,fa "« intercellular 

yoanimMotLamiuK album, c, cortex i mJ, endodefmii i spaceS Within 
fkl, phloem ; xy, lylem ; fir, pencyde ; f, pith. ^ 

the endoaermis. 

29. Mount a transverse section of the root in strong sul- 
phuric acid, and note that the walls of the cells of the piliferous 
layer, the anticlinal walls of the endodermis, and in a less 
degree the walls of the exodermis are undissolved. If the 
section is tolerably thick, the radial walls of the endodermis 
float up to the surface and their wavy oudine is then seen. 

30. Prepare longitudinal sections of this same root Clear, 
and examine. 

Note that here, as in the fern, the root-hairs are not sepa- 
rated by walls from their mother-cells in the piliferous layer. 
The oniji tess^ls fipesent are spiral The celb of the piUferous 
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layer and of the exodermis are longer than those immediately 
within them. 

31. Prepare transverse and longitudinal sections through 

an old root, some distance behind its apex. Clear, and examine. 
Note that root-hairs and piiiferous layer have all disap- 
peared and the root is bounded by the exodermis. The cells 
of the cortex are much thicker- walled, and a great many are 
divided by quite straight, thin, radial partitions. The endo- 
dermis is recognizable by its straight, thin, radial walls, which 
do not now show a dark spot so plainly as before. The peri- 
cycle shows thicker walls, but the outer layer of its cells only 
persists as such. Within this is a broad band of phloem 
encircling the xylem, which occupies the whole of the centre 
of the root, except that a few medullary rays on the same radii 
as the primary xylem rays penetrate the bast to the pericycle. 
Sections through roots of various ages show that the secondary 
thickening of the root has been 
brought about in this way. The 
tissue within the phloem masses 
becomes converted into cambium, 
which spreads laterally to the inner 
layer of pericycle outside the xylem, 
thus completing the ririg, and pro- 
ducing wood on the inside and bast 
on the outside, except opposite the 
primary xylem, where parenchyma- 
tous cells are formed. The se- 
condary wood formed by this cam- p,^ ,,3. _ Transverse SKlion 
bium consists mainly of large tra- !l^™iinde?^'»n iw<f?^"t 
chcides with bordered pits. The LaKmm aiimm. _ ™rf, >ndo- 

"^ dcnnis; fir, poncjcle; pkl, 

pith of the young root has become pKloem; ca, cambiumi If. 

sclerotic by the thickening and lig- 

nification of its cell-walls. These walls are all pitted with long 
oblique pits. The secondary bast consists of sieve-tubes and 
parenchyma cells. 

32, In cutting transverse sections of roots, sections will 
certainly be met with which show the origin of lateral roots. 
Note that they arise opposite the xylem rays, and that periclinal 
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walls appear first in the cells of the pericycle. Lateral roots 
in various stages of development show, however, that the endo- 
dermis, cortex, and other tissues take part in their production. 
The developing root forces its way through the cortex and 
emerges by rupture of this tissue and those without it. It is, 
therefore, of Endogenous origin. 

33. Take strong young adventitious roots, wash, remove d 
quarter of an inch of root-tip, harden in alcohol, imbed in 



esp : )>'. pterome ; it, peri- 

FiG. 1 14.— Origin of laMrsI rool of Lamlum album. l,r, Mem ; i.pl, initial layer of 

young lateiai root fotcinc iis way Ihiough Ihe cortex the pleromc \ i.fe, initial 

of Ihe pnmary root. Another, almost oppose this, ties byer of the peribleim fri. 



celloidin on the top of a cork or place in cleft pith, and cut 
thin longitudinal sections. Select median sections, mount in 
glycerine, and examine with a high power. Clear others in eau 
de Javelle, mount, and examine. 

The uncleared sections show the Root-oap outside, a 
cylinder of Flerome with rounded apex occupying the centre, 
and between the region at the apex of the plerome and the 
internal layers of the root-cap a mass of thin-walled cells full 
of granular protoplasm. This is the Prmctum Vegetationia. 
Note the large nuclei of all the raeristcmatic cells. The cleared 
section shows that at the apex of the plerome is its Initial 
Layer, capping it, and from the cells of which the whole of 
the plerome is derived. The plerome is the formative tissue 
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of the axile vascular bundles, and its outer layer forms the 
pericycle. Above the initial layer of the plerome is the initial 
layer of the Feriblem, the formative tissue of the cortex. lis 
inner layer forms the cndodermia. Trace back its cells on 
both sides, and note how longitudinal divisions increase the 
number of its rows. Above the initial layer of the periblem 
is the common initial layer of the formative tissue of the 
piliferous layer and the root-cap. The cells of this layer pro- 
duce the Calyptrogen, or formative tissue of the root-cap by 
periclinal walls, and the Dermatogen, or formative tissue of 
the piliferous layer by anticlinal walls. 

The Flower. 
All parts of the flower are developed as emergences of the 
somewhat broadened pad of tissue, the Receptacle or Torus, 
which term!- c B * 

nates the very 
short flower- 
stalk. The first j 
to appear are 
the segments 
of the calyx, 
which emei^e 
.s papiUiB 
around the rim 
of the recep- 
tacle. Subse- 
quent growth 
of the tissue 
of the rim be- 
tween the pa- 
pilla; produces F,a.ii6.-Dev=1opin™oflheflo«erotZ..™«./- a/*««. A, B, 
the calyx-tube. ,<;■ ^^^^ ;Sir,V,f sr/.^r.^^t^A' ^r^.h^" 
Next the five (AfttrSarfia.) 

petals of the corolla appear, also as papilije, within the ring 
of sepals and alternating with them. Subsequent growth of 
the tissue between these papilla produces the corolla-tube. 
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Within these appear four projections, alternating with the 
petals. These are the stamens. No sign of a stamen appears 
between* the two posterior petals. The growth of the tissue 
between the stamens and the corolla-tube raises the former on 
the latter and causes the stamens to be epipetalous. The 
development of the stamens is much more rapid than that 
of the corolla. The androecium is in an advanced stage of 
development whilst the corolla is still immature. Last to 
appear is the gynaecium (ovary), which is on the apex of the 
floral axis and occupies the centre of the flower. The mode 
of origin of the floral organs on the floral axis is similar in 
all essential respects to that of leaves on the vegetative axis. 

34. Examine the calyx thoroughly, cutting longitudinal and 
transverse sections. 

Note a well-developed epidermis on each side, with nume- 
rous stomata. The mesophyll consists entirely of an extremely 
loose spongy parench)ana. The vascular bundles are well 
developed, and are devoid of cambium. But their woody 
elements are strongly thickened, and the cells of the pericycle, 
forming here and there small strands of phloem, are also strongly 
thickened and lignified. They are therefore developed into 
broad strengthening bands of thick-walled sclerenchymatous 
cells reaching almost from bundle to bundle. The calyx is 
thus greatly strengthened. 

35. Make a detailed examination of the corolla under the 
dissecting microscope. Cut sections and mount pieces for 
surface examination under a high power. 

There is a well-developed epidermis. The outside of the 
hood is closely beset with long-jointed hairs. Glandular hairs 
are to be found on almost all parts. The epidermal cells on 
the inside of the tube grow out into conical papillae, which in 
some cases attain an immense size. There is a loose meso- 
phyll except in the lower lip. The vascular bundles anastomose 
as in the leaf, but they are small in the upper portion of the 
corolla, consisting only of a few spiral vessels accompanied by 
thin-walled elongated cells. The corolla-tube bulges out in 
front and forms an evident " throat," which is, in fact, a slightly 
developed spur. Immediately below this there is a thickening 
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of the tube on the inside, forming a "collar" of tissue 
thickly covered with long pointed unicellular hairs, turned 
inwards and completely closing the tube except at the back, 
where the ring is incomplete. The cells of the very young 
corolla have chlorophyll corpuscles, and a few stomata are 
to be seen. The chlorophyll is early lost, and the white 
colour of the mature corolla is due to the air amongst its 
cells. 

As has been stated above, the stamens arise independently 
within the corolla-tube, and subsequently become epipetalous 
by the growth of the tissue between their filaments and the 
corolla-tube. They are the most rapidly growing of all the 
floral organs. The protuberance on the receptacle, which is 
the earliest indication of each, is the anther, which shows 
two well-shaped lobes whilst the filament is still very short. 
Later, a rapid elongation of the filaments takes place, so that 
just before the flower opens they are much bent. At the 
opening of the flower they quickly straighten themselves, and 
raise the anthers to their final position beneath the hood. 
The filament is attached to the top of the anther, whose two 
lobes are separate and early diverge below. In the open 
flower failure to straighten out a twist in the top of the filament 
brings the two anther-lobes in a line with the filament. The 
outer side of each anther-lobe, as well as the filament, is 
covered with pointed and glandular hairs. 

36. Make longitudinal and transverse sections through a 
flower-bud of about one-twelfth of an inch in length by placing 
between pith or imbedding in celloidin. Clear some in eau de 
Javelle, and compare uncleared sections with these. Examine 
with a high power sections of anthers. 

There is an evident epidermis and cuticle covering the anther. 
Beneath this the transverse section will show four places where 
the two layers of cells immediately succeeding the epidermis 
are larger and more regularly arranged than the deeper lying 
meristeiiiatic cells. If at the right stage the outer of these 
layers will be dividing by periclinal walls into two layers. 
Examination of sections cut from slightly older buds will show 
that the outer of these two layers formed from the original 
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hypodermal layer again divides by periclinal walls into three 
layers. There are now four layers of cells formed from the 
original hypodermal layer. Calling them, reckoning from 
the epidermis, a, b, c, and d, and calling the layer which was 




.« alhum. 

tf, BJudennia ; ky, hypo- 

h^pi>dennal Jayer : m, mt- 



originally second from the epidermis, but is now fifth, e, their 
fates are as follow : — 

{a) Its cells become thickened with (J-shaped fibrous 
bands, the opening of the c being towards the epidermis. 
When the poUen-grains are mature this Fibrous Layer lias a 
great deal to do with the rupture of the walls of the anther- 
lobe along its median line. 

(P) These cells lose their contents, and are finally crushed 
flat against the fibrous layer by the development of the sporo- 
genous tissue within. This layer has been called the Transi- 
tory Layer. 

{€) This is Ihe Onter Tapetal Layer, some of whose cells 
may again divide by periclinal walls. Unlike layers a and b, 
its walls remain extremely thin. The contents of its cells are 
absorbed and its cell-walls broken down by the rapidly growing 
spore-tissue developed from d. 

(e) This is the Inner Tapetal Layer. It has the same 
function as, but differs in origin from, the outer tapetal layer. 
The cells of the inner tapetal layer are absorbed before those 
of the outer. The two layers overlap and meet around d, so 
that a Locolus is formed in each half of the anther lobe, 
and in each locutus the tissue developed from d is isolated 
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and freed. Layers c and e may be together called the 
Tapetnm. 

ifi) This layer is the Arche&poriam. Its cells divide in 
various directions and form the FoUen-mother-cells. The 
nucleus of each pollen- 
mother-ceil divides into two, 
and these again divide, whilst 
the cell-wall thickens, and in- 
growths from it separate the 
four nuclei, together with 

investing cytoplasm, from "»*■ 

each other. By this time the 
pollen-mother-cells are sepa- 
rate from each other and 
free in the loculi of the an- 
thers. The immature pollen- 
grains are then covered with 
a special cellulose coat, and 
the walls of the mother-cells ''''^;,i;i'^i^,Hnfh'"S."Th*^"n™r'u5iu'i 

are dissolved and converted layer has^jliMppeared. (, lapeium ; i.^f*, 

into mucilage, in which the 

pollen-griuns float. The latter continue to grow at the expense 

of this fluid and the cells of the tissue projecting into the 

loculus from the axis of the anther, and finally fill the cavity 

with a powdery mass of 

poUen^rains. 

37. Open a bud about 
one-eighth of an inch i 
length, and tease 01 
the contents of an an- 
ther. Staining is not 
necessary, although he- 
matoxylin brings out the '''°^i',r;[',h fo'^^^'u^lgrJ^s'^iSiT"*™^ 
details of the pollen- ».'"■" P9iien-fi«in' !»« <^|f=<' i^-^'P^ 

mother-cells well. Mount m plyctnije. ihomni generauve ig) and vege- 

in water or glycerine. ■« nuc « v. 

Observe the tetrads in the mother-cells. It is not probable 
that all will be exactly at the same stage of development ; 



mm 



172 Practical Elementary Biology 

therefore, look out for instances where the nucleus is dividing. 
Some of the tetrads swell up, burst the wall of the mother-cell, 
and are so set free. 

38. Open a ripe anther, and examine the pollen (dry) with 
a high power. 

Each grain is a triangular prism with rounded ends. There 
are faint markings on its outer walls. 

39. Mount ripe pollen-grains in water, and examine. The 
grains swell out until they are spherical. It is now seen that 
each grain has three bands of a yellowish substance on its 
outside which narrow and meet at the poles and broaden out 
at the equator. The contents are granular, and with difficulty 
one and sometimes two nuclei can be seen. The coat between 
the bands is colourless. Sulphuric acid shows that they are 
strongly cuticularized. In the dry grain the bands are in 
contact edge to edge and the colourless portion is folded 
within. 

40. Mount dry pollen-grains, not quite mature, in pure 
glycerine. 

They slowly swell up, and then some of them show a 
spindle-shaped straight or curved cell with a large nucleus, 
immersed in the granular cytoplasm of the pollen-grain. This 
is the Generative Nucleus. At an earlier stage it lies in 
the small cell against the cell-wall, but afterwards separates 
from it, loses its special wall, and the nucleus is set free. The 
highly refractive nature of its contents enables the generative 
nucleus to be easily seen. There is another nucleus in the 
grain, however, the Vegetative Nucleus^ which can be made 
out by careful focussing and manipulation of the light. It is 
oval and smaller than the generative nucleus. 

41. Mount ripe pollen-grains in a drop of weak solution 
of sugar in a moist cell. Keep in the dark for twenty-four 
hours. 

Most of the grains will have protruded a Pollen-tube at 
one of the thin equatorial regions, with dense protoplasmic 
contents, in which nuclei can be distinguished after careful 
staining. 

Before the homologies of the flowering plants with the ferns 
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were known or suspected, the names stamen, anther, pollen, 
etc., were given to the structures just described, and for con- 
venience iJiey are still retained. It must not be forgotten, 
however, that the stamen is a Sporopliyll, the loculus of the 
anther is a MicroBporanglum, and the pollen-grains are 
Microspores. The division of the microspore into two cells 
is the formation of a rudimentary Frothallinm, the generative 
cell representing an AiitheridilUZL 

42. Cut transverse sections of a ripe anther immediately 
before dehiscence. 

Note that the septum separating the two loculi of each 
anther-lobe is completely absorbed. At its former point of 




union with the peripheral layers, nothing now bounds the 
cavity but the single layer of dried epidermis. This is sub- 
sequently ruptured by the contraction of the fibrous layer, and 
in this way dehiscence takes place. 

43. Full out the corolla from a widely opened flower. In 
the lower end of the corolla-tube beneath the ring of hairs 
will be found a drop of clear liquid. Suck this out and notice 
that it is sweet 

44. Dissect away the calyx from the gynjecinm, Around 
the anterior carpel is a ridge of yellow tissue. This is the 
Nectary. An opportunity of seeing its internal structure will 
be afforded when making sections of the gynsecium. 

On account of its small size and somewhat abnormal 
structure and development, it is better that the student should 
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; other gynsecia before attempting that of Laniium 
album. 

45. Cut transverse sections of the immature gynKcium of 
Phmeolus vulgaris (the French Bean), or of one of the ovaries 
of Caltha paluslris (Marsh Marigold). Alcohol material will 
be best. 

The Carpel, which constitutes the wall of tlie ovary, has 
a structure similar lo that of a foliage Iea£ There are an 
inner and an outer epider- 
mis with layers of mesophyll 
between, and occasionally 
stomata will be found on 
it. The mid-rib is evident, 
and on the opposite side 
p. is the Ventral Suture, 

which marks the line of 
junction of the margins of 
the carpel and along which 
the Ovules are arranged 
in two rows, one on each 
./™Su dlBferen"! '^'^''g''i of 'lis carpel. The 
(WwrW^ihlT^'' ^'^^"^ '™'" "f^iic^i the 
ovules arise is the Pla- 
centa, and in these plants the Placentation is SuturaL 
The ovary is evidently formed of a single carpel folded on 
itself and enclosing one loculus. 

46. Examine in the same way the ovary of Viola tricolor 
(the Pansy), and note that its wall is fonned by three carpels 
uniting at their edges and enclosing a single loculus. Examine 
also the ovary of one of the Liliacese (lily, tulip, hyacinth, etc.). 
Here also the ovary is formed by three carpels, but their edges 
are incurved and meet in the centre, and so form a Trilocnlar 
ovary. In Viola the placentation is Parietal, in the Liliacese 
Axile. In all these plants the placenta is on the margin of 
the carpel, and this is the rule. 

47. Make transverse sections through one of the ovaries, 
hardened in alcohol, of Aconitum napellus (Monkshood). 
Select a section which has passed medianly through an 
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ovule, and examine first with a low, then with a high 

power. 

The ovary is nionocarpellary and unilocular, and the placen- 
tation suturaL 

The ovule has a short stalk, the Funlcle, the upper part 
of which is coherent with the ovule along one side. This 
portion is the Raphe. Avascular bundle runs through funicle 
and raphe. The middle of the ovule is occupied by a small- 
celled tissue, the Nuoellns. ITiis is enclosed by an Outer 
and an Inner Integument except at one point where a small 
canal, the Micropyle, leads from the Igculus of the ovary 
down to the nucellus. Where the raphe is coherent with the 
tissue of the nucellus is the Chalaza. The outer integument 
is wanting on the side of the 
raphe, and because the ovule is 
so bent on its funicle as to 
bring the micropyle close to 
the funicle whilst the nucellus 
remains straight, it is said lo 
be Anatropous. This is the 
usual form of the ovule. In a 
few cases it is straight, and is 
then called Orthotropous, 
whilst in a few others the nu- 
cellus is bent, and the name 
Campylotropous is applied 
to them. One cell of the 
nucellus is very much larger 
than the others. This is the 
embryo-sac, in which will be 
found naked cells, the pro- 
ducts of the division of its nucleus. One of these is the 
Oosphere (egg-cell), which, being fertilized by the contents 
of a pollen-tube, develops into the embryo. 

To follow out the changes in the embryo-sac, it is best to 
work with ovules, which are small and transparent, so that (he 
embryo-sac can be examined through the walls of the ovule 
when the latter is mounted whole. Very suitable material for 



^^^^^^.X:^, 


srS 


^funide; r.mph.; »., ™scu 








integument I h, nucellus i 


a. chi- 


laia; i, embryo-sac; a, 1 


mtipodil 


cells; D, oosph.«; »c. sec™ 


dary du. 


tlnis; HI, micropyle ; «-, m 
ovary. (Sttasbmget.) 


,11 of the 





1/6 Practical Elementary Biology 

this purpose is Momtropa kypopUys (Yellow Bird's Nest), which 
grows in woods without undergrowth (fir, beech, birch, etc.), 
and is not unfrequent in England. 

48. Select some flowers just opening and others fading. 
Open the ovaries, remove ovules, mount in a very weak solu- 
tion of sugar, and focus for an optical section shoning the 
embryo-sac with a high power. 

There is no other representative of the nucellus to be seen 
than the embryo-sac. At its apex, which lies at the bottom of 

r 



Flc iis.—Mnnsimfa kyfofilys. A. a matlue ovuk ; / funicle; i, inlegnmeni. 
B and C, embrya-aac; s, syiKrgKliE; e, oo^here; n, n, formatiDii of secondary 
nuckui; a, anlipodal celts. Z>and E, upper parU of Ihe embtyo-sac. E show lb« 
jirit division for the fortpatiDD of Ihe endosperjn. (Slrasburfcr.) 

the micropyle, are three naked cells — two close to the apex 
and one a little deeper. The two former are the SjmerglcUe, 
the latter the Oosphera Lying deeper in the embryo-sac is 
its Secondary Nnclens and at its farther end are three 
cells, the Antipodal Cells. Of these seven cells all ultimately 
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perish except the oosphere, which develops into the Embryo^ 
and the secondary nucleus, which produces the Endosperm. 

On an older ovule which has been fertilized fragments of 
pollen-tubes may be found attached to the micropyle. The 
fertilized oosphere, now an Oospore^ has taken on a delicate 
cellulose coat and one or both synergidae are not recognizable. 
The secondary nucleus divides into two, which are separated 
by a wall across the embryo-sac. This is the commencement 
of the formation of the endosperm, which in this and other 
ovules with small embryo-sacs is formed by the actual division 
of the sac, but in others is commenced by the division and 
subdivision of the nucleus, the daughter-nuclei being scattered 
about in the protoplasm which lines the sac. Later these 
become coated, and then by their division they fill the embryo- 
sac with endosperm, in which lies the embryo. The oospore 
by division forms a cell-row, at the end of which is developed 
the Embryo. 

In the typical angiospermous ovule the development of 
the embryo-sac and its contents is in this manner : A cell 
immediately underlying the limiting layer of the nucellus at its 
apex divides into two ; the outer further divides and forms a 
Tapetum; the inner is the Archesporiam^ which also further 
divides into an axile row of cells, the deepest lying cell being 
the Embryo-sac. The nucleus of the embryo-sac divides into 
two, which retreat to opposite ends of the cell, where each 
divides, and the daughter-cells again divide, so that four cells 
are now at each end of the sac. One from each end then 
advances to the middle of the cell, where they fuse and form 
the Secondary Nucleus. The three at the micropylar end 
are the Egg Apparatus — the SynergidsB and Oosphere^ 
the three at the other end are Antipodal Cells. Although 
the terms ovule, embryo-sac, etc., are retained as convenient 
special names for these structures in angiosperms, yet it must 
be distinctly understood that the ovule is a Macrospo- 
rangium^ the embryo-sac a Macrospore^ which never leaves 
its macrosporangium and which produces a rudimentary Pro- 
thallium and a single Archegonium represented by the egg- 
apparatus. 

N 
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49. Select a bud of Lamium album about one-tenth of an 
inch in length, harden in alcohol, place inverted between pith 
or imbed in celloidin, and cut successive transverse sections 
from its base. Clear in eau de Javelle, and examine them as 
nearly as possible in the order in which they were cut 

The first few which pass through the flower-stalk may be 
neglected ; soon one will be found which has gone through 
the base of the ovary. From this and succeeding ones the 
structure of the ovary may be determined. There are two 
carpels, with evident mid-ribs, outer and inner epidermis, and 
layers of mesophylL Glandular hairs are later borne in small 
number on the inner epidermis. The two halves of each lamina 
of the carpels are rolled upon themselves. In the lower part 




Fig. 126. — Transverse sections through the ovanjr of Latmutn album, 
A passes through the base of the ovary ; B» higher up ; », nectary ; 
niy mid-ribs of the carpels ; c, c, the line along which opposite carpels 
are connected ; 0, 0, ovules. 

of the ovary the opposing surfaces of opposite carpels cohere, 
but the halves of the laminae of the same carpel do not meet 
in the middle. The mid-ribs project slightly inwards, so that 
although the ovary is here four-chambered it is yet unilocular. 
Sections higher up show that the upper part of the half of 
each lamina is quite separate from its opposite lamina, and 
from its own mid-rib, whilst the mid-ribs arch over the apex of 
the stem and meet and fuse in the middle line, forming thus 
the style. There is one ovule in each chamber of the ovary 
borne on the carpel near its base. The lower sections show 
that the nectary is an outgrowth from the base of the anterior 
carpel. 

50. Cut longitudinal sections of young flower-buds, com- 
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mencing with some about one-tenth of an inch in length. 
Make out from the younger the relations of the parts alluded 
to in the previous paragraph. In older buds it will be seen 
to how great an extent the laminae of the carpels develop 
upwards to form distinct mericarps, and 
at the same time the cells of the outer 
epidermis lengthen greatly from the 
three-rowed mesophyll outwards, and 
those at the outer angle divide by peri- 
clinal walls. The ovule fills the young 
ovary, but the latter grows the faster 
and when the ovule is ready for fertiliza- 
tion there is a large ovarian space fic. 117, -Longitudinal «=- 

above it. 'Z^TS;^^:^^^l 

From cleared and uncleared longi- ^ ^ wjpcis ; d, a, cvuiss ; 
tudinal sections of all ages trace as far 
as possible the development of the ovule and its conteDts. 
The ovule first appears as a small projection of cellular tissue 
from the base of the 
carpel, and is for a time 
nearly straight. Soon the 
single integument grows 
up around the nucellus 
from its base, quickly 
overtops it, and grows 
around its apex, leav- 
ing an open micropyle. 
During this growth the 
ovule is bent over until 
the micropyle is brought 
close to the short funicle. 
The nucellus is also bent, 
so that the mature ovule 
is campylotropous. The 
funicle is adherent to the ^^ ^^ ^^ _, owie- < emb 

carpel right up to the t^chalaia^, funic'le; m. 'mioonyl*. luc 

chalaza, and its vascular 

bundle is composed of phloem only. In the axile row of cells 
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of the nucellus an archesporium and tapetal cells are formed, 
but these changes are not easy to follow in this plant. The 
embryo-sac 
grows rapidly 
and displaces 
the tissue of 
the small nu- 
cellus. It is 
bent at right 
' angles and ex- 
^^ tends from the 

1 chalaza to the 

upper end of 
the micropyle. 

Fic in —A, B, C, lucussive sUfcs !d Ihe develDpnwDl of Ibe , , , 

tn^Woi LoHiinm ilbum. >■(, integuirenl; *, nuullm; M, It dCVelopS 

vermiform hollow appendages, which are pressed in a confused 
coil against the wall of the sac in the region opposite the 
chalaza. If an ovule be removed from the gyntecium of 
an open flower, mounted in water or glycerine, and sharply 
pressed under a cover-glass, the embryo-sac is squeezed out 
and can then be examined. It is best, however, to examine it 
in carefully made sections. 

The nucleus of the embryo-sac goes through the same 
divisions as those of the plants already described, and evidences 
~ of these changes will be met with 

in sections. When ready for fer- 
tilization there are two synergidse 
at the micropylar end, with the 
oosphere lying somewhat deeper. 
Deeper still will be found the 
f^l'^m/Kw °aibum secondary nucleus, suspended by 
°"j^^sT "?' ^on^ strands of protoplasm from the wall 
""''"' of the sac. The antipodal cells 

are clothed before fertilization. One or two may sometimes 
be found, but since they lie somewhat free they are frequently 
removed in cutting and mounting the section. 

The Style, which by the upward growth of the mericarps 
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of the ovary is attached below to near its base, and is there- 
fore said to be Ojmobasio, is traversed by the two vascular 
bundles from the mid-ribs of the carpels. These are quite 
separate throughout, and each passes into a branch of the 
forked style. The centre of the style is occupied by the very 
long narrow thin-walled cells of the Condact- 
ing TiBBue. The Receptive (Stigmatio) 
Surfaces are situated at the ends of the forked 
style, and are small in extent. The cells here, 
which are wrinkled and elevated into papilte, 
secrete a viscid substance. The pollen-grains, 
whether falling naturally on the stigma, as they 
may do, or carried there from other flowers „ 

, . .1,1 - I '"" '3' — Sugmi 

by insects, are retained by the secretion and of Lamiunt a!- 
germinate, sending out poUen-tubes which enter minatbi' poJSI- 
the tissue of the style and grow down through k™""- 
the conducting tissue, being nourished by the contents of its 
cells. 

Examine the stigma of a fading flower for penetrating 
pollen-tubes. It will be best to place it momentarily in 
alcohol before mounting in water or glycerine. 

51. Boil the style of a fading flower on the slide in weak 
glycerine for a moment, cover, and examine. 

The cells of the conducting tissue and that lying outside it 
will thereby be rendered more transparent, and the pollen- 
tubes, full of densely granular protoplasm, will be brought into 
view traversing it. 

52. If carefdl longitudinal sections be made of such a style 
hardened in alcohol — not a difficult operation if it be cut 
between pith or imbedded in celloidin — the pollen-tubes with 
their highly refractive contents can be seen traversing the 
long, delicately walled cells of the conducting tissue 

Transverse sections of the style may be cut by packing 
several between pieces of pith. Alcohol material must be used 
and the sections mounted in alcohol or glycerine. The con- 
ducting tissue is then seen to form a central cylinder of very 
small cells which lie in a mucilage derived from their outer 
walls. Inunersion in water will dissolve the mucilage and 
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isolate the delicately walled cells. A solution of coralJin in 
sodium c^boaate stains the mucilaginous walls pink. 

The pollen-tubes enter the cavity of the ovary and, bending 
around the funicles, enter the micropyle and ascend it to the 
embryo-sac. The micropyle lies so close to the funicle and 
the bottom of the ovarian loculus that it is difficult to see 
this in position. If, however, a fertilized ovule be removed, 
fragments of the torn pollen-tube can be seen attached to the 
micropyle. There is no doubt that in Lamium the details of 
fertilization are similar to those in plants which have been 
directly observed during fertilization, viz, the generative 
nucleus of the pollen-grain which is borne near the apex of 
the polien-tube is led by 
the synergidfe to the 
oosphere, with whose 
nucleus it fuses. The 
synergidie perish in the 
process, the oosphere as 
a first result takes on a 
cellulose coat. Mean- 
while the erabryo-sac at 
its angle commences to 
make a large upward 
growth into the thick 
integument, hollowing out 
a chamber in which the 
embryo is to lie. Ovary 
and ovule also grow 
rapidly upward, the limit- 

^n^f i^=™wJ^c'. "" "'"'" '" '^ '"""'■ '"8 '"y^"' 0^ *^^"s of til* 
latter quite altering their 
character. The changes in the ovule and its contents which 
result from fertilization may conveniently be taken separately. 

The Oospore secretes a cellulose coat and attaches itself 
to the wall of the embryo-sac at the micropylar end. It then 
divides repeatedly into a string of cells, the Pro-embryo, 
which pushes its apex up into the newly enlarged portion of 
the embryo-sac. The swollen end-cell of the pro-embiyo 
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now divides by three walls at right angles to each other into 
octants. These with the next cell, which arches upwards, form 
the Embryo ; the rest of the string of cells is the Suspeusor, 
which eventually perishes. Periclinal walls now appear in the 
embryo.and further growth 
and division of cells follow. 
The embryo elongates and 
lateral outgrowths form the 
two Cotyledons. The t 

mature embryo as it lies c 

in the ripe seed consists 
of a straight axis, whose 
lower root end — the 
Radicle — is turned to- ^^ 
wards the micropyle, and 
upper end— the Plumule f, 
— towards the top of the 
ovule, and two Cotyle- 
dons which are attached 
at the same level to the 
axis close to the plumule, 
so that the epicotyledo- 

nary portion of the axis — ^^^ i33.--Longili'ilinal section through a meri- 
, ' L, . , . carp of Lamiii/n altmiii. tnt. einfjryo: en, 

the EpiCOtyl — is very endosnc™; r. ladick; f/, plumule; c, c. 

short, and the Hypocotyl ™^ ' ""'* 

comparatively long. The distinctive formative layers of the 

tissues are already present in the embryo. 

The Secondary Hucleus of the embryo-sac, with a 
portion of protoplasm aggregated around it and consti- 
tuting it a naked cell, divides and subdivides, the daughter- 
cells lying naked in the protoplasm lining the embiyo-sac 
In the upper chamber of the sac containing the embryo these 
naked cells become coaled with cell-walls, and the formation 
of cells spreads by division until the whole of the embryo- 
chamber is full of the thin-walled cells of the Endosperm in 
which the embryo lies. The lower chamber of the sac, which 
at first contains a few naked ceils derived fixjm the secondary 
nucleus, is finally obliterated by the rapid growih of the 
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embryo-chamber and its endosperm, and its naked cells soon 
perish and are absorbed. Meanwhile the embryo-sac with the 
contained endosperm is increasing in size, first absorbing the 
contents of the cells of the integument and then crushing 
them by its growth. The embryo is also growing, absorbing 
the contents of the endosperm cells immediately surrounding 
it, and then crushing them. Sections through an ovary in 
which the embryo is half grown will show that whilst the 
cells of the endosperm around the embryo are being dis- 
organized, active cell- division is still going on in the peripheral 
layers. The same is the case with the growing endosperm 
and the integument of the ovule. The cells of the outer 
limiting layer of the latter form few periclinal walls, but the 
whole constitutes a loose layer, whose cells divide into fours 
by anticlinal walls with subsequent separation of the daughter- 
cells. 

The embryo is nursed at the expense of the endosperm, 
and the endosperm at the expense of the integument of the 
ovule, in the same manner as all such isolated growing bodies 
are nursed in the plant, e,g, the pollen in the anther, the pollen- 
tube in the style, and the young fern plant in the prothallium, 
by the production of a ferment or ferments which bring into 
solution the contents of the surrounding cells, and thus enable 
these contents to be absorbed. 

Each cell of the innermost of the three mesophyll layers of 
the pericarp contains an octahedral crystal of calcium oxalate 
which is not stained by iodine, is not dissolved by acetic acid, 
but is dissolved without effervescence by nitric acid. The 
elongated cells of the outermost layer of the mericarp contain 
abundant starch-grains. This layer perishes in the ripe fruit, 
its outer walls being converted into mucilage. 

53. Cut thin sections through a ripe mericarp, treat with 
iodine solution, and examine the contents of the cells of the 
endosperm and of the cotyledons of the embryo. 

Neither contain starch. There is in each cell a ground 
substance of protoplasm containing numerous Aleurone 
grains, which are small rounded masses of a proteid derived 
from the cell protoplasm, and stored up in its vacuoles. These 
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are stained a dark yellow by the iodine. If sections be cut 
dry and mounted in olive oil, a rounded body can be seen in 
the grain at one extremity. This is the Globoid, a body of a 
mineral nature. No proteid Crystalloid, such as are present 
in the aleurone grains of many other oily seeds, can be 
demonstrated here. The aleurone grains of Lamium are 
readily dissolved in a weak solution of common salt and in 
glycerine, but slowly and with difficulty in purfe water. If 
sections, cut dry, be placed in Pfeffer^s fluid — a solution of 
one part of mercuric chloride in fifty parts of absolute alcohol 
— for twelve hours or more, they can then be mounted un- 
changed in water or glycerine. Treat a section with osmic 
acid, and note by the dark coloration of the ground substance 
that it contains much oiL In the innermost cells of the 
endosperm the ground substance has disappeared, and the oil 
run together in drops. Dissolve it out with ether or chloroform. 
By fixing a ripe mericarp in a drop of melted sealing-wax by 
one of its outer angles on a cork, median longitudinal sections 
may be cut. Clear some in eau de Javelle, and examine the 
structure and position of the embryo. 

The four mericarps constitute the Fruit of the plant. 
Each mericarp consists of the Pericarp, or outer wall, derived 
from the wall of the ovary, enclosing the Seed. In a great 
number of plants the pericarp ruptures on maturity, and 
liberates the seed. In Lamium this is not so. The seed is 
invested by the Testa derived from the integument of the 
ovule, and here represented by a layer of crushed cells only. 

Germination, 

54. Sow ripe mericarps of Lamium album in sandy soil. 
Keep moist, and examine day by day for the first signs of 
germination, the successive stages of which are as follow : — 

The hypocotyl swells, elongates, and splits the pericarp, 
pushing out the radicle, which penetrates endosperm and 
testa. In whatever position the fruit lies, the radicle, which 
develops into the primary root, emerges at the micropylar end 
and grows downward into the soil. It attains a length of an 
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inch or more, and develops numerous root-hairs shortly 
behind the apex, as well as the rudiments of secondary roots, 
before any other change is obvious. Then the hypocotyl 
elongates rapidly, and because the root on the one hand and 
the fruit on the other are fixed in the soil, it forms a curve 
convex upwards. A sudden upward growth of the lower part 
of the hypocotyl now draws the cotyledons out of the pericarp, 
and the hypocotyl straightens itself, lifting the cotyledons into 
the air. These are green when they emerge ; their stalks now 
lengthen greatly, whilst the ventral surfaces of the cotyledons 
are still closely applied to each other as in the seed, but finally 

A B C 







Fig. 134.— Germination of the seed of Lamium album. A, mericarp ; B and €« stages 
of the germination ; D, young plant ; r, primary root ; c, c, cotyledons. 

a quick growth of the ventral surfaces of the stalks separates 
them, they are spread out to the air and light, and function as 
the first foliage leaves of the plant. The cotyledons are round, 
being thus unlike the subsequent toothed foliage leaves. The 
transverse section of the hypocotyl is also round. During the 
stages of germination already described, the plumule remains 
undeveloped. It now grows in length, producing square 
internodes, nodes, and toothed foliage leaves similar to all 
subsequent ones. 

Sections should be made through the germinating seed. 
These will show that the process of absorption of the endo- 
sperm by the embryo, which temporarily ceases on the ripening 
of the seed, is resumed on germination, and completed before 
the cotyledons leave the seed. This pause in the growth of 
the embryo is characteristic of the seed-plants, and seeds are 
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prepared for the period of inactivity by the development of 
strong protective testas or pericarps. The normal resting 
period of the seed of Lamtum album is short; if the 
conditions are favourable, development from oospore to 
the mature plant may be almost continuous and uninter- 
rupted, 

55. Remove a cotyledon from a seedling, clear in eau de 
Javelle, and mount whole in glycerine. Also cut longitudinal 
sections. Clear some, and examine others uncleared. 

There are numerous stomata on both dorsal and ventral 
sides. Glandular hairs are plentiful on the sinuate epidermal 
cells. In the thickest part of the cotyledon there are about 
seven layers of mesophylL Reckoning from the upper ventral 
surface, the first layer consists of long palisade cells with small 
intercellular spaces. Next are two or three layers of small 
cells, also with small intercellular spaces. In these layers lie 
the vascular bundles. Then two or three layers of larger 
rounded cells, with fairly large intercellular spaces. All con- 
tain chlorophyll. At the apex of the rounded cotyledon, 
opposite the stalk, is a single large water-gland, to which the 
anastomosing vascular bundles converge, and which thev 
enter. It has no water space, 
but is otherwise similar to those 
in the ordinary foliage leaf 

The development of the sto- 
mata can be easily followed from 
a surface view of the cotyledon. 
A wall perpendicular to the sur- 
face and convex inwards is first Fig. 135.— stages in the development 
f^^^^A «^rl ^.,«-«> ^ff* A.^rv^ «^ of stomata m the cotyledon of Ztf- 

formed, and cuts off from an ^,,v^^ «/3«,„. «, initial ceii; b, 
epidermal cell the Initial Cell ^^r.^^^iX'^ck'' ^' ^""'" 
of the stoma. Another wall, 

curved in the opposite direction, now appears in the initial 
cell, forming with the first wall a cell the shape of a truncated 
cone, perpendicular to the surface, and with its larger end 
outwards. This is the Mother-cell of the stoma, the 
remaining horseshoe-shaped portion of the initial cell being 
a Subsidiary OelL The mother-cell is next bisected by a 
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perpendicular wall, and a deft appearing in this completes the 
formation of the stoma, 

56. Prepare transverse sections from about the middle of 
the hypocotfl of a young seedling. Gear, and examine. 

There are two 
bundles contained in 
an axial cylinder as in 
the root. A layer of 
endoderrais, whose 
lateral walls when 
young show the 
J characteristic dot, sur- 

rounds the cylinder. 
Within this is the 
pericycle. Xylem 

Fig. 136— Transverse section through the middle of "^ , , , .. ' 

the hypocotyl of Laini-m album, nd, endoder- and phlOCm are OH 

„i>;AM«rioyde,/^/.phio^;.,...yi=o,. alternate radii. Very 

early in the life of the seedling the two xylem masses meet in 
the centre of the hypocotyl; the phloem spreads out laterally. 

57. Prepare transverse sections of the stalk of a cotyledon, 
and examine. 

There is a single vascular bundle in a flattened band 
running through the 
middle of the stalk. 
The middle of the 
band is occupied by 
the oldest wood ves- 
sels (spiral and annu- 
^- lar), to the right and 

Fig. iH—Transverse section thtoiigh [be stem of a , /' " , 

cotyledon of iMWK«a/4i-m. The middle ponioa left are yOUnger Cle- 
only is figured. /A/, phloem , ^. xylem. ^^^^ ^^ ^^^ ^^-^^^^ 

and outside these, still further to the right and left, are the 
phloem strands. The arrangement, therefore, is different from 
that which obtains either in the stem or rooL 

58. Cut a series of transverse sections of the hypocotyl of 
a young seedling which has developed at least one pair of 
ordinary foliage leaves, commencing about one-third of an 
inch below the origin of the cotyledons, and extending into 
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the first interaode. Clear, and mount them in glycerine in the 
order cut. Examine them in order, commencing with the 
upper sections, and make out the following points :— 

The bundle of the leaf-trace of each cotyledon enters the 
hypocotyl obliquely and then bends abruptly downwards. 
The younger xylem moves towards the centre of the hypocotyl, 




fhC, ^y, bundles : 



the phloem strands remain distinct for a time. These leaf- 
traces bound the axial cylinder of the hypocotyl on the sides 
of the cotyledons. Between thera are the four bundles of the 
leaf-traces of the first pair of ordinary foliage leaves. A little 
lower these fuse with the leaf- 
traces of the cotyledons, two 
on each side, and at this 
level of the hypocotyl a trans- 
verse section shows two broad 
bands of phloem, and within 
them the wood vessels loosely 
airanged nearly in a ring, the 
centre being occupied by 
parenchymatous pith. Lower 

still the vessels of the wood *" ™Jfj'S,«"j^r4j™d''^ 
converge to form the flat band ^^'^'i'^:^,^^;,^':^-"'" '""^""■ 
with the oldest crashed ves- 
sels at its poles, which is characteristic of the hypocotyl and 
primary root, and the phloem bands are here also somewhat 
compressed laterally. 

Sections through the primary root show the same structure 
as in the hypocotyl The origins of lateral roots may be well 
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studied here, where the structure of the axile bundle cylinder 
is so simple. 

Through the hypocotyl equivalent tissues in stem and root 
are in direct longitudinal connection and without torsion. The 
xylem and phloem of the stem are continuous with the xylem 
and phloem of the root, the endodermis of the stem with the 
endodermis of the root, the pericycle of the stem with the 
pericycle of the root, and cortex of stem with cortex of root 
The abnormal structure of the bundle in the petiole of the 
cotyledon shows that the diarch axial cylinder of the hypocotyl 
really consists of two bundles, the phloem of each of which 
is divided and placed to the right and left of its xylem, so 
that each phloem plate contains elements belonging to each 
of the two bundles. 
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CHAPTER IX. 
SPECIAL PHYSIOLOGY OF THE VASCULAR PLANTS, 

Yeast, Protococcus, Chara, and other plants described live 
completely surrounded by a liquid which contains in solution 
everything necessary for the life of the plant, and there is no 
reason to doubt that almost all parts of these plants are equally 
capable of absorbing food-stuffs. The Fern and the Dead 
Nettle are in quite a different position with respect to absorp- 
tion. Their roots are deep in the soil, their leaves high in the 
air, their internal structure is highly differentiated, and all parts 
are adapted to serve the life of the plant in the medium in 
which they are immersed 

It is a matter of common experience that such plants absorb 
certain substances from the soil and others from the air, and 
that their sub-aerial parts give off water into the air. By culti- 
vating them so that their roots are immersed in Wolff's solu- 
tion, it will be found that their food is the same in kind as that 
necessary for such a simple plant as protococcus. And it is 
obvious that since the root absorbs some nutrient substances and 
the green parts others, and since growth takes place mainly 
near the apices of stems and roots and where flowers, seeds, 
or spores are being produced, there must be currents of raw 
material as weU as of manufactured (plastic) matter passing 
through all parts of the plant It therefore remains to be 
described where and under what conditions mineral com- 
pounds, water and gases, are absorbed, and through what 
tissues they are conducted, the processes of constructive 
metabolism, the conduction of the products of constructive 
metabolism to places where they are used or stored, and the 
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processes of destructive metabolism with the disposal of its 
products. 

Absorption and Disposal of Water and Dissolved 
Substances. — If a young plant be placed under a glass bell-jar 
the inside of the glass becomes coated with water, especially if 
it be exposed to sunlight If the sub-aerial portion of the plant 
be removed from the root and placed alone under a bell-glass 
the same thing happens, and in addition the plant becomes 
limp and flaccid in consequence of the loss of water. Not so, 
however, if the cut end of the stem be placed and kept in water. 
In that case there is no immediate withering. Water, therefore, 
escapes from the sub-aerial parts of plants ; it rises from the 
roots, for if the stem be separated from the roots, and not put 
into connection with another supply of water, the plant withers ; 
it must necessarily rise through the stem, and the chief amount 
of evaporation must be from the leaves. This loss of water is 
called Transpiration^ and the water transpired is the excess 
of water absorbed by the roots over that required in the for- 
mation of new tissues. It is more active in sunlight than in 
darkness, in heat than in cold, in a dry atmosphere than in a 
moist one. It is not a mere physical process of evaporation, 
for the passage of water-vapour outwards is chiefly through 
the stomata and is controlled by their guard-cells, which, 
becoming turgid and swelling upward and outward, open the 
stoma in bright sunshine and close it by an opposite process 
in darkness. The air-cavities beneath the stomata are in con- 
nection with all the intercellular spaces of the plant, so that 
transpiration goes on from internal cells bordering the spaces. 
The cuticle, like all corky tissues, is impermeable to water, and 
transpiration therefore is mainly through the stomata. This loss 
of water from the leaves causes a suction from above which at 
a time of active transpiration reduces the pressure within the 
plant to less than that of the atmosphere. 

If in a woody plant a ring of cortical tissue extending 
down to the wood be removed from the -stem, the plant does 
not become flaccid, showing that the transpiration current is 
still kept up. Since nothing but the wood is left the current 
must rise through the wood. 
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Examination of the xylem of the vascular bundles of stem 
and root shows us, as we have already seen, that the tracheides 
are nearly full of air in the living plant The spiral and annular 
unseptate vessels, however, which of all the lignified xylem 
elements penetrate nearest the growing apex, are there full of 
water ; further from the apex they become crushed and disor- 
ganized. It is clear, then, from the structure of the tracheides 
which form the secondary wood of Lamium, and the nature of 
their contents, that the transpiration current travels to a large 
extent in their permeable lignified walls. 

If the stem of an actively growing dead nettle be cut 
through near the soil a steady stream of water will exude 
from the woody portion of the stem, and this will continue for 
some time. This current cannot in this case be kept up by 
suction from above; there must be a pressure from below. 
This is the Root-pressure. 

One reason for the great development of secondary wood 
in the stem of Lamiuix^ can now be seen ; the increase in the 
volume of conducting tissue keeps pace with the increase in 
area of the transpiring surface — ^the leaves. In the fern no 
secondary wood is formed, but here transpiration is compara- 
tively slight, and the plant possesses the power of forming new 
roots from and near the bases of the leaves themselves, so that 
the transpiration current in each leaf travels but a very short 
distance in the stem. 

Transpiration may be so rapid in the dead nettle that the 
roots cannot absorb quickly enough to keep up the current. 
In such cases the pressure in the plant may become negative, 
and the leaves droop for want of water. On the other hand, 
when transpiration ceases or nearly so, as during the night, 
the root-pressure may still send currents of water up the stem, 
w:hich/ passes into the lacunae of the tracheides, and is forced 
out in drops from the pores of the water-glands at the teeth of 
the leaves. Such drops are not unfrequently to be seen on 
the leaves of Lamiwn album in early morning. The water 
glands therefore function as safety-valves. 

We have studied three regions of the root — the root-tip 
covered with the root-cap j immediately behind this a region 
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where the cells of the'piliferous layer grow out into root-hairs ; 
and behind this again the region where the piliferous layer has 
disappeared and the root is covered with the cuticularized 
exodermis. So long as the hairy portion of the root is in con- 
tact with water, the transpiration current is kept up. If the 
hairy portion be kept from water the plant will wither, whether 
the rest of the root be in water or not The root-hairs then 
are the absorbing organs. They come into close contact with 
the soil, particles of which adhere to them with so much force 
that they cannot be removed without tearing the hairs. 

The cell-sap of the root-hairs is acid. The soil-water con- 
tains substances brought into solution with the help of the 
carbon dioxide of the atmosphere and the acid cell-sap which 
diffuses out of the roots. The root-hairs then are in the 
position of the Protococcus cell. Cell-sap diffuses out of them 
into the soil, and water with dissolved substances diffuses into 
them. And since the hair contains osmotically attractive 
substances, especially organic acids, and its lining layer of 
protoplasm offers a greater resistance to exosmose than to 
endosmose, it becomes and remains turgid. I-K)oking to the 
results, there is no doubt that the protoplasm lining that por- 
tion of the cell which borders on the cortical tissues, and of 
which the hair is an outgrowth, is in a different condition with 
nespect to osmosis from the protoplasm of the hair. We have 
noted the same thing in the hyphae of Mucor. The neigh- 
bouring cells of the cortex draw from the cells of the piliferous 
layer, and an inward moving current is thus set up towards 
the vessels of the wood where the pressure is least. Through 
these it rises and is disposed of in the manner described. 

The transpiration current carries up with it, in solution, 
those mineral substances which are nutrient so long as they 
are being used. Non-nutrient dissolved minerals may also 
enter, but a state of equilibrium between those within and 
those outside the plant is soon reached and maintained, and 
no more is then absorbed. 

The importance of the various elements of Wolff's solution 
to the life of the plant can be best studied by growing plants 
in the solution deprived of one or another of its constituents. 
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Nitrogenous compounds are essential to any growth, and 
the higher plants can as a rule make use only of nitrates as 
sources of nitrogen. The soil is constantly gaining nitrogenous 
compounds from the air and from decaying animal and vege- 
table substances in the form of salts of ammonia. These are 
oxidized first to nitrites, and then to nitrates, by the action of 
micrococci, which swarm in cultivated soils. It was long 
believed that plants cannot make use of nitrogen gas in con- 
tructive metabolism, and this is true with respect to the great 
majority, but there has' lately been described a symbiotic rela- 
tionship between some leguminous plants and the bacteria 
which cause and inhabit certain tubercles found on their roots. 
. It has long been known that crops of leguminous plants may 
be taken off the land and leave the soil even richer in nitrogen 
compounds than before, and it is now thought that the bacteria 
enable their host to use free nitrogen, that is, to bring it into 
combination. The development of tubercles is directly related 
. to the absence of assimilable nitrogen in the soil. Nitrates in 
the soil diminish the development of tubercles. 

Phosphorus and sulphur are necessary for the formation of 
nucleoplasm and cytoplasm. Without iron, plants form no 
chlorophyll, and without potassium very little constructive 
metabolism goes on. Calcium and magnesium are essential, 
but their uses are not well known. 

Absorption of Oases. — These, like solids, are only 
absorbed in solution. There is no doubt that carbon dioxide 
is absorbed in the water taken up by the root-hairs, but to an 
extremely slight extent compared with the amount taken up by 
the leaves and other green parts. Experiments have shown 
that much more carbon dioxide is absorbed by the upper 
surface of the leaf, where there are no stomata, than by the 
lower surface. Beneath the upper epidermis are the closely 
packed cells of the palisade parenchyma, and there the decom- 
position of carbon dioxide is most vigorous. The cuticle, 
impervious to water, is easily traversed by gases. The gas 
absorbed goes into solution in the cell-sap and passes from cell 
to cell by diffusion. The same must be said of oxygen, but 
with this difference : all parts of the plant, even the roots, 
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absorb oxygen. In a water-logged soil healthy growth is im- 
possible for most plants. 

Metabolism. — A volume of oxygen, equal to that of 
carbon dioxide absorbed, is exhaled. So far as it is known 
the course of construction of proteid is of this kind. The 
carbon dioxide which is absorbed forms, in combination with 
water, a carbohydrate, an equal volume of oxygen being set free. 
This takes place in the chlorophyll corpuscles and under the 
influence of light Once the carbohydrate is formed all the 
other steps of the process are independent of light The 
nitrates absorbed by the roots are converted into ammonia 
compounds. The nitrates in a plant are found to decrease 
and the ammonia compounds to increase from below upwards. 
Ammonia combines with the carbohydrate formed in the 
chlorophyll corpuscles to form amides, and these combine 
further with some non-nitrogenous compound and sulphur to 
form proteids. From proteids protoplasm is constructed. 

The oxidation and breaking down of protoplasm is incessant, . 
and in the process carbon dioxide and water are formed and 
exhaled. Amides are also formed and heat set free. The 
amides are used again in the construction of protoplasm, and 
thus it comes about that in plants there is no excretion of nitro- 
genous waste matters as there is in animals. Starch is formed 
in chlorophyll corpuscles as in other amyloplasts by the break- 
ing down of protoplasm, and so are fat, cellulose, and many 
others. 

Proteids and the products of their decomposition are being 
continuously removed from the manufacturing leaves to the 
growing points and store places where they are being used. 
But proteids and starch are insoluble in any liquid the plant 
contains, and substances can only pass in solution from cell 
to cell. The removal of starch from the chlorophyll corpuscles 
is continuous. In the dark, when no carbon dioxide is being 
decomposed, the starch may be completely removed, only to 
appear again, however, with the light There is in all green 
leaves a specific Enzyme called Diastase, which converts 
starch into grape-sugar. In this form it passes from the cells 
of the leaves into the parenchyma around the vascular bundles. 
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and is conducted away through the cortex of stem and root 
to the places where carbohydrates are necessary to form proto- 
plasm. Amides formed by decomposition of proteids are 
soluble and diffuse from cell to cell. The sieve-tubes of the 
phloem contain proteid§, and there is no obstacle during active 
growth to their passage through the tubes nearly to the apex 
of stem or root. The oldest portions of the vascular bundles 
of Lamium album are not wood vessels but sieve-tubes. Their 
companion cells appear to be glandular in nature. There is 
no doubt that the soft bast is a very important channel of 
conduction for organic substances. 

The Correlation of Structure with Function. — We 
have seen that the root of a plant has a twofold office — to 
anchor the plant firmly in the soil, and to act as an absorbing 
organ. Because it is subject to tensile stresses the packing 
together of the strongest mechanical tissue of the root, viz. 
the tracheides of the wood, in the centre of the root is the 
best arrangement for the purpose. There too, they, being 
important conductors, are safest from injury. The root-cap, 
continually being worn off at its anterior extremity, and as 
continuously renewed from its formative layer, protects the 
delicate meristem at the apex. Without this it would be im- 
possible for the root-apex to force its way through the soil. 
It is an advantage to the plant that the absorbing portion ot 
its root is readily renewable. A delicate, thin-walled tissue 
like the piliferous layer, is peculiarly open to injury from para- 
sites, from the continued action of water, and from the rough- 
ness of the soil> and could not afford an adequate protection 
to the tissues of the cortex. It is soon replaced by the 
exodermis formed beneath it. 

We have seen that the leaves must be well supplied with air 
and light in order that the plant may thrive. In Aspidium the 
short thick stem is mainly subterranean. The large leaves rise 
from it almost vertically to a height of two feet or more. But 
metabolism is not so active in the fern, which delights in 
shaded situations. In the dead nettle the stem is sub-aerial 
and erect, with its head of leaves equally distributed around 
it. We alreidy know that, solid above where the tissues are 
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soft and fleshy, it is hollow below, with its hardest elements — 
the tracheides of the wood — thrown into a hollow cylinder. 
It is a good mechanical principle that for a column which has 
to carry a weight, the same amount of material is better thrown 
into a hollow cylinder than formed into a solid rod. On the 
top of its hollow cylinder the head of leaves is carried. In 
the four angles of the stem are strands of coUenchyma. By 
stripping them from a fresh stem it will be found that, whilst 
they possess little rigidity, they are very tough and elastic A 
rigid stem of this size would be easily broken by the wind. 
The stem of Lamium album gives to every breath of wind and 
recovers its erect position immediately, the elasticity of the 
collenchymatous strands contributing greatly to this. 

The leaf petiole makes an angle of about 60° with the stem, 
and carries the lamina at its distal end. Its ventral surface is 
hollowed out and the angles are occupied by strands of coUen- 
chyma. Its two largest bundles have well-developed wood, 
and as we have seen, the pericycle beneath all the bundles is 
largely increased in quantity and is collenchymatous. Here also, 
as in the calyx, the pericycle develops into a mechanical tissue. 
The hollow surface of the petiole and its strands of mechanical 
tissue make it specially suited to carry a weight at an angle. 
In the leaf itself, which is carried horizontally, the larger 
vascular bundles are accompanied by thick strands of me- 
chanical tissue removed well below the surface of the leaf, and 
thus forming a most efficient support. The whole lamina also 
is tightly stretched by the vascular bundles, and is thus kept 
from flapping and tearing like the loose sail of a boat in the 
wind. It has already been pointed out how each leaf shades 
as little as possible the other leaves below it. 

So long as the cells of the softer parts of the plant are 
turgid with water the tissues they constitute are as rigid as a 
bladder filled with liquid Any cause which removes water, 
such as excessive transpiration, will render them limp and 
flaccid. A sharp blow or wrench will injure the cells and 
force water out of them into the intercellular spaces. This 
will cause a " set '* for a time, until the injury is repaired. 

The form and structure of the flower of Lamium album is 
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a beautiful example of adaptation. Many investigators, and 
especially Darwin, have shown that it is not advantageous for 
most flowers that they should be fertilized by their own pollen, 
that is to say, Self-fertilized. By Cross-fertilization more 
seeds and seeds producing healthier progeny are secured. 
Self-fertilization is prevented in various ways. Some flowers 
are dioecious \ in others the androecium and gynsecium mature 
at different times; and in others still the structure of the 
flower is such that self-fertilization is difficult or impossible. 
Cross-fertilization is effected in various ways, the most efficient 
instruments being insects who, visiting the flowers for pollen 
or honey, unconsciously carry pollen from one flower to 
another. This is the case with Lamium album. The honey 
is formed in the nectary and collects at the bottom of the 
corolla-tube below the ring of hairs. The projecting hood 
of the flower, well thatched with long hairs, protects that and 
the pollen from rain. Various insects, especially species of 
humble bees, visit the flower, alight on its lower lip, and thrust 
their bodies as far as possible into the corolla-tube in order 
to reach the honey with their trunks. In doing, so, pollen- 
grains are shaken out of the anthers on their heads and backs, 
and are so carried to other flowers. Here the stigmatic surface 
at the end of the downward-projecting lobe of the style comes 
in contact with the pollen on the bee's back, and, retaining 
some on its sticky surface, cross-fertilization is accomplished. 
The ring of stiff" upward-projecting hairs in the corolla-tube 
guards the honey from smaller animals which enter the tube 
and would take the honey without fertilizing the flower. The 
stronger bee can push its trunk between the hairs and so reach 
the sweet store beneath. The flower is also mechanically 
adapted to carry the weight of the bee. The adherence of 
the filaments of the stamens to the corolla-tube strengthens it 
exceedingly, the projection of the " throat " enables it to carry 
a weight vertically over it, and the strengthening of the calyx 
in the manner described is of 'the greatest service in this 
connection. 

Flowers produced late in autumn sometimes do not open 
for want of warmth and sunshine. In this case it is not un- 
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common to find that the anthers dehisce and either shed their 
pollen on the stigma, or that even whilst in the loculus of the 
anther pollen-tubes are formed which reach the stigmas. In 
either case the flower is self-fertilized, and although this is not 
so advantageous to the plant as cross-fertilization, it is better 
than no fertilization. 

It is not possible here to point out all the details of adapta- 
bility to function in Lamium album. It will form an interest- 
ing exercise for the student to seek out others for himself. In 
any case remember Darwin's injunction, "Give full play to 
your imagination, but rigidly check it by testing each notion 
experimentally.*' 
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CHAPTER X. 

AMCEBA, 

Amceb^ are found in standing water and on mud. They 
are universally distributed, but very aberrant in their occurrence. 
Many species are known, but several are no doubt but 
assumed amoeboid forms of other animals and plants. 

1. Mount water containing amcebse, cover with a cover- 
glass, and examine. 

They are difficult to distinguish at first by the unfamiliar eye 
on account of their being colourless and but slightly refractive. 
They appear as irregularly shaped splatches of a jelly-like 
substance, the shape constantly changing. It is easy to make 
out that there is an outer clear and tougher limiting layer, the 
Ectosarc^ with granular more fluid contents, the Endosarc. 

Measure. They will be found of various sizes, from 20/x 
up to 50/X. 

2. Run in iodine solution. 

The orgaAism is killed ; it shrinks into a globular form, 
and both ectDsarc and endosarc are stained a yellowish brown, 
showing their protoplasmic nature. No blue colour is produced, 
showing that starch is absent. 

3. Mount amoebae in water, and place a small crystal of 
common salt at the edge of the cover-glass. 

Nothing of the nature of plasmolysis occurs. The ectosarc 
is not a differentiated cell-membrane like that of the organisms 
already described. 

4. Mount amoebae in water, run in first a little weak acetic 
acid to kill them (i per cent, solution), and next solution of 
magenta. 

The dead cells stain with the magenta, and a rounded 
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body in the endosarc deeper than the rest. This is the 
Nucleus, in which can sometimes be distinguished a Nu- 
cleolus. Not unfrequently more than one nucleus is pre- 
sent The nuclear substance appears to be similar to that of 
plants. 

5. Observe closely the endosarc of a living amoeba. Some 
of the gianuUr bodies contained in it are evidently foreign 
substances. Diatoms and cells of algas are very frequently 
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N, DucLeus; r, [^udopodia ^ pv. pulsatLog vacuole. (Maishall.) 

present and are seen to lie in vacuoles surrounded by a watery 
cell-sap. In some of the larger amcebie are seen Pulsating 
Vacuoles of the same character as those observed in Proto- 
coccus. The liquid which slowly fills them during their diastole 
is drawn from the general protoplasm of the endosarc, and is, 
during the systole, either returned to it or expelled from the 
cell Here, also, the former appears to be the case, because 
at the systole the smallest particles of matter close to the cell 
appear to be unaffected by currents. More than one con- 
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tractile vesicle may be present in large cells. They probably 
perform the function of a kidney, as uric acid has been detected 
in them. 

6. Note the changes of form which the cell undergoes. 
Draw it at frequent intervals. 

At a point where there was previously no projection a 
protrusion of the ectosarc occurs, the beginning of the move- 
ment being frequently extremely difficult to see on account of 
the portion first protruded being so little different in refractive 
power from the water in which the cell lives. The Pseudo- 
podium enlarges and attains a considerable size, still com- 
posed wholly of ectosarc. Sometimes it is retracted, sometimes 
the endosarc flows into it, and the whole cell thus changes its 
position. In this way amoebae crawl over the solid substratum. 
Pseudopodia may appear at many points of the surface at the 
same time, or at only one. In some amoebae there is a region 
ponstantly free from pseudopodia. Branched pseudopodia 
may occur, and neighbouring ones may unite. 

Its protoplasm is thus Contractile. 

7. Note that the organism responds to stimuli of various 
kinds. Rough mechanical treatment causes pseudopodia to be 
retracted. Various chemical substances coming in contact with 
it have the same effect, as have also electric shocks. Contact 
with food-particles causes movement around the food, and 
when pseudopodia are protruded without apparent stimulus — 
Automatic movements— there is every reason to believe a 
stimulus is given from within. The movement following a 
stimulus is not necessarily proportional to the force employed, 
as it would be in the case of inanimate bodies, and this is the 
characteristic of Irritability. 

Its protoplasm is thus Iiritable and Automatic. 

8. Watch the ingestion of solid food-particles. 
Neighbouring pseudopodia either surround them, unite, 

and enclose them in the endosarc, or a region of the ectosarc 
comes in contact with them and the cell simply flows around 
them. In any case the particle enters where there was 
previously no opening, the hole made closing up again behind 
it, and the undigested portion passes out through an opening 
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not pre- existent. Any portion of the ectosarc can receive 
food and allow excreta to pass through it, and any portion of 
the endosarc can form a digestive cavity for it 

Its protoplasm is thus Absorptive. 

Some Protozoa are known which are, throughout the 
whole of their lifetime, almost completely enclosed in hard, 
structureless capsules or cysts. Oval shells, open at one end, 
through which the pseudopodia protrude which move the 
organism along, are characteristic of some species. The com- 
moner amoebae at times completely enclose themselves in 
spherical cysts of similar structureless formation, and in that 
condition can withstand unfavourable conditions of dryness, 
temperature, and so on, which would otherwise unfavourably 
affect them. The cyst is formed from the protoplasm. 

Amoebae may be frozen, but when the temperature is again 
raised they regain their power of movement. The optimum 
temperature at which movement is most vigorous is about 
30° C. to 35° C. At from 40° C. to 45° C. they are killed by 
the coagulation of their protoplasm. 

The whole surface of the ectosarc is an absorbing surface 
for substances in solution which pass into the cell by osmosis. 
But amoeba cannot live in either Wolffs or Mayer's nutrient 
solutions, nor in any solution which does not contain suitable 
organic compounds of carbon and nitrogen. Being destitute 
of chlorophyll bodies, it cannot decompose carbon dioxide, 
but, like yeast and bacteria, it can live in a nutrient 
solution containing dissolved proteids (peptones). Unlike 
these latter, however, it takes solid proteids into its proto- 
plasm, converts them into peptones, and assimilates them. 
The protoplasm of the living organisms which it swallows con- 
tains all the elements necessary for the formation of protoplasm 
in amoeba, and since it has the power of dissolving this proteid 
food— that is, of digesting it — protoplasm answers all the 
requirements of a perfect and complete food for amoeba, and 
supplies the organism as^ well with a store of potential energy. 
The course of constructive metabolism is thus shorter and 
simpler in amoeba than in protococcus, the former com- 
mencing the course on material already highly organized. 
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Its protoplasm is thus Constructively Metabolic. 

9. Cork up tightly in a bottle water containing amoebae. 
They live but a very few days. Oxygen is necessary for the 
life of the organism, and when that contained in the water is 
all used up death ensues. The course of destructive meta- 
bolism is continuous, and does not differ in character from 
that described for other organisms. The effects are also the 
same: a supply of kinetic energy for movement and other 
manifestations of vital phenomena, and the keeping of the size 
of the cell within due bounds. The oxygen for that branch of 
destructive metabolism commonly spoken of as the respiratory 
process, and the carbon dioxide and other products of it, pass 
into and out of the cell by osmosis. The surface has thus, 
as in the other forms described, a respiratory significance. 
Protrusion of pseudopodia enlarges the respiratory area, oxygen 
is more largely absorbed, and the consequent production of 
kinetic energy increased. The cyst is a product of the destruc- 
tive metabolism of the protoplasm, and so is the enzyme 
(unorganized ferment) which brings the proteids of its food 
into solution. 

Its protoplasm is thus Destructively Metabolic. 

Amoebae multiply by fission. The nucleus first divides and 
then a constriction appears between the daughter-nuclei, which 
eventually cuts the cell in two. No other mode of multiplica- 
tion is known. 

Its protoplasm is thus Reproductive. 

We have now seen that the protoplasm of amoeba is Con- 
tractile^ Irritable^ Automatic^ Absorptive^ Metabolic, 
and Reproductive. The protoplasm of the zoospores of 
protococcus, and of many bacteria have also been seen to 
manifest these same properties. The protoplasm of yeast 
appears to be neither contractile nor irritable. How far this 
protoplasm is destitute of these properties it is impossible to 
say. The probability is that it possesses them, but that 
the mechanical restraint exercised by the cell-wall prevents 
their manifestation. It is instructive to note that in the 
encysted state amoeba shows neither contractility nor irrita- 
bility. 
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We may now make a statement of the income and ex- 
penditure of amoeba in the following manner : — 



Income. 

Matter: Proteids and other con- 
stituents of protoplasm, 
oxygen, water. 



Energy: Heat. 

Potential energy of food. 



Expenditure. 

Matter: Carbon dioxide, water, 

and other products of 

destructive metabolism. 

Excess of tissue-forma- 

tion. 

Energy : Heat evolved. 

Work done in growth 

and movement. 
Potential energy of tissues 
formed. 



Balance in Favour of the Organism. 

Matter : Excess of tissue-formation. 
Energy : Potential energy of the same. 
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CHAPTER XI. 

COLOURLESS BLOOD-CORPUSCLES, 

I. Kill a frog by placing it under a glass with a piece of 
cotton wool saturated with chloroform or ether. Lay it on its 
back and slit up the integument of the abdomen with a pair 
of scissors. Lying in the middle line of the wall of the 
abdomen will be seen the Anterior Abdominal Vein. Pierce 
this and transfer a drop of blood to a slide. Cover with a 
cover-glass, and examine under a high power. 

Lying amongst the crowd of pale Yellowish-red Cor- 
puscles will be seen a very few, smaller than the coloured, 
which are destitute of colour. When first seen they are globular 
and very granular bodies, with no evident differentiation into 
ectosarc and endosarc and no pulsating vacuole (Fig. 183, 
p. 288). 

2. Prepare a slide with a small drop of blood which does 
not extend to the edge of the cover-glass, and fasten the latter 
to the slide with melted wax applied all round with a brush, 
or with the end of a wax taper which has been warmed. This 
is to prevent evaporation. Keep warm and examine. 

Notice that whilst the Red Corpuscles roll freely about in 
the fluid, the Colourless Corpuscles mainly attach themselves 
to the slide. At first the latter are spherical, but many of them 
soon begin to protrude hyaline pseudopodia. The change of 
form is, however, much slower than in amoeba. By their amoe- 
boid movements the white corpuscles are able to pass through 
the walls of the blood-vessels. 

3. Treat a drop of blood on the slide with weak acetic acid. 
An irregularly shaped Nucleus will be brought into view 

lying near the centre of the cell. 
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4. Run ia a drop of solution of magenta. 
The nucleus is deeply stained. 

5. Prick the tip of your finger with a needle, and mount 
a drop of blood. 

Note the few colourless corpuscles in the crowd of red 
ones. If the slide be kept at the temperature of the body by 
means of a hot stage, their amoeboid movements may be 
followed. 

The colourless corpuscles of blood multiply by fission. 
They have been observed to engulf particles of colouring 
matter, such as carmine, which have been introduced under a 
cover-glass with them. 
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CHAPTER XIT. 

VORTICELLA {THE BELL ANIMALCULE), 

Various species of Vorticella are to be found living in clear 
water, attached, solitary, or in colonies, to water-weeds or small 
animals, such as minute Crustacea. When found in numbers 
the colony appears to the naked eye in bright sunlight like a 
multitude of small glistening beads. 

I. Remove a piece of weed with the animals attached to 
it, mount in water, and examine first with a low, then with a 
high power. 

The animal is campanulate, or bell-shaped, and is attached 
to its support by a long flexible stalk, which on the slightest 
irritation is thrown into a close spiral by which means the 
bell is drawn back to its support Examine a fully expanded 
vorticella in detail, and note the following : — 

(a) The edge of the bell is everted, and forms a projecting 
rim. This is the Peristome. 

(b) The mouth of the bell is closed by a slightly projecting 
DisCj which, however, is not in contact with the peristome on 
one side, but leaves a groove between them. 

(c) The groove passes a short distance towards the centre 
of the disc into the Vestibule, and the vestibule into the 
Pharsrnx, which, inclining underneath the centre of the disc, 
ends blindly there. 

(d) A spiral wreath of Cilia runs round the margin of the 
disc and into the vestibule. The rhythmical contraction of 
the cilia causes a current of water to pass round the disc, to 
enter the vestibule and go down one side of it and up the 
other. These currents are visible by the movements of small 

p 
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bodies carried along in them. There are also cilia in the 
pharynx. 

2. Tap the cover-glass slightly. 

The disc is drawn in, the peristome closes over its edge 
and hides both cilia and vestibule. At the same time the 
stalk is thrown into a spiral, as already described, necessarily 
revolving the bell on its long axis in so doing. In a short 
time, if the irritation be not continued, the stalk slowly 








cm. 



Fig. 141. — A, Voriicella extended, c.f^ contractile fibre ; c.v^ contractile vacuole ; end^ 
nucleus ; f.v, food vacuole ; /.a, anus ; ^ v.s^ vestibule ; p.s^ peristome ; d^ disc. 
B, Vorttcella^ contracted ; C, Vorticella in fission ; D, iree-swimming form sUfter 
fission ; E, Mtcrozooid ; F, Paramoecium ; G, Nyctotherus. (Morgan.) 



Straightens itself. The bell opens out again, and the cilia 
once more get into motion. 

3. Examine the structure of the animaL Note-^ 
{a) An extremely thin and delicate Cuticle investing it. 
This is thickest on the stalk. 

{b) A layer beneath the cuticle, which shows a slight 
longitudinal striation and has been termed the Myophax) 
Layer. The contractile muscle-fibre in the stalk is continuous 
with this layer, (a) and ip) together form the Ectosarc. 
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(c) The Endosarc, a granular and more fluid substance 
which fills the cell The pharynx ends blindly in it. 

In the endosarc note — 

{d) The Contractile Vacuole. This is similar to that 
already described. It shows a slow diastole, during which the 
vacuole is filling with water, and a rapid systole, during which 
it becomes emptied and its walls collapse. It probably expels 
from the cell water charged with nitrogenous waste. It has 
been observed to extract from the endosarc soluble colouring 
matter taken in with the food. 

(<?) Various Food Vacuoles. These consist of particles 
of food which have been ingested with a drop of water. They 
exhibit a slow movement of rotation (Cyclosis) through the 
endosarc. 

(/) The Nucleus, which is readily visible after staining 
with iodine or fuchsine. It is large and band-shaped, and is 
placed near the pharynx. 

4. Watch for the expulsion of undigested substances. 
They are thrust through the ectosarc into the vestibule by an 
opening which is visible only at the moment of the ejection 
of faecal matter. This opening is the Anus. 

5. As a protection against adverse influences, such as want 
of food or the drying up of water, Encystment frequently 
occurs, and for a while the animal hibernates. The disc is 
drawn in, the peristome inverted, the individual separates 
from its stalk, rounds itself off", and invests itself with a 
structureless envelope, or Cyst. On the return of more 
favourable conditions it resumes its ordinary mode of life. 

6. Reproduction is by means of Fission. A cleft 
forms on the disc and gradually extends to the point of 
attachment of the stalk, passing through vestibule and nucleus. 
The half of the bell attached to the stalk quickly recovers the 
form of the mature animal, the other half develops a circle of 
cilia at its aboral end, detaches itself from the parent stalk, 
and after swimming free for a time comes to rest, withdraws 
its aboral cilia, attaches itself by its base to some fixed object, 
and develops a gradually lengthening stalk. 

There is occasionally a process of Conjugation of unlike 
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gametes. The larger — which, if we look upon this as a sexual 
process, may perhaps be termed the female — is the ordinary 
stalked form ; the smaller is a free-swimming form, and may 
be termed the male. The latter (Microgonidla^ or Micro- 
zooids) are formed by the repeated vertical fission of an 
ordinary individual producing eight small free-swimming forms 
which move through the water by the action of an aboral 
circlet of cilia. Each attaches itself to the base of a female, 
and complete fusion follows. In the process the nucleus of 
each gamete divides and subdivides, but all daughter-nuclei 
except one in each gamete abort. The pronuclei which 
remain move towards each other, meet, and fuse to form the 
single nucleus of the new individual This may be looked 
upon as a process of Rejuvenescence, as fission follows after 
the conjugation with great frequency. 

Encystment sometimes follows conjugation, and it is said 
that during this encystment the nucleus breaks up into a 
number of free-moving Spores, each of which escapes by 
rupture of the cyst and develops into an ordinary Vorticella. 

7. Nutrition. Although it is not improbable that Vorti- 
cella may absorb nutrient substances in solution by. its whole 
surface, yet its structure shows that it is adapted for feeding 
on solid food. The wreath of cilia on the disc causes a current 
in the water, which draws towards it small bodies in suspension. 
These are swept into the vestibule, and thence into the pharynx, 
where they accumulate at its blind end. The pellet is then 
forced through the ectosarc into the endosarc, together with 
a small drop of water in which it lies. In the course of the 
rotation of the food vacuole through the endosarc, the diges- 
tible portion is brought into solution, and the remainder is 
ejected through the anus in the manner already described. 
The ingestion and subsequent migration of solid substances 
can be studied by placing finely divided carmine in the water 
with Vorticellae. 

The absorption of oxygen and elimination of carbon dioxide 
takes place over the whole surface of the animal. Gases in 
solution are also of course taken in with the water accom- 
panying food-particles. The excretion of nitrogenous and 
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other waste is effected most probably by the contractile 
vacuole. 

8. Motion. Cyclosis in the endosarc has ahready been 
noticed. Cilia are delicate protoplasmic processes whose 
rhythmic motion of quick contraction of one side and some- 
what slower straightening is continuous. Whilst the animal 
is fixed in position, their co-ordinated movements have for 
object the procuring and ingestion of food ; when freed from 
its stalk both adoral and aboral cilia cause locomotion. The 
contraction of the muscular band in the stalk which throws 
the latter into a close* spiral is intermittent, and follows ex- 
ternal irritation, whilst the motion of cilia is automatic. The 
straightening of the stalk is apparently effected by the 
elasticity of its cortical layer. No specialized nervous matter 
is known to be present ; the whole organism is a neuro- 
muscular cell. 

Morphologically, Vorticella is a single cell, but one 
whose differentiation has reached a higher degree of com- 
plexity than that of any tissue-cell of the higher animals or 
plants. Unicellular animals like Amoeba, Paramsecium, and 
Vorticella belong to the great group of 'Protozoa, the lowest 
grade of the animal kingdom. Not all the Protozoa are 
unicellular, but the individual cells of the multicellular forms 
are all alike in structure and function, and may be separated 
from each other and live independent lives. The connection 
of the individuals in such a " colony " is not an organic con- 
nection, but is the mere cohesion of the offspring of unicellular 
forms which have not separated from each other. 
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CHAPTER XIII. 

PARAMMCIUM AURELIA {THE SLIPPER ANIMALCULE). 

This, like Vorticella, is a unicellular animal, very commonly 
found in pond water and in vegetable infusions. Its trivial 
name sufficiently describes its form, 

I. Mount a drop of water containing Paramscia with some 
threads of cotton wool to restrict their movements, and 
examine first with a low, then with a high power. 

Note its shape, blunt at one end, sharper at the other, and 
flattened laterally. Its hack- 
ward and forward movements 
are efiected by means of cilia, 
i which cover the whole of the 
<■•'' body. On the oral side is 

a groove leading into the 
tubular Fharynz, Oral 
""' Groove and pharynx being 

supplied with cilia. 

2. Note the very definite 
^■»" Ectoaarc. 

{a) A delicate Cuticle, 
through which project the 
cilia, covers the animal, ex- 
tending into the pharynx. 
, ip) In the vertically-striate 

°s™yei>w!'^J^'n" ("("cusaAt ""S layer beneath the cuticle are 
food vacuoles ; mig,v«^%wiAt)a\ mic, a number of oval sacs con- 
mjeronuc eus. taining spirally coiled threads. 

These are the Trichocyste, and from them the stiff threads 
are shot out when the animal is irritated. A drop of acetic 
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acid drawn under the cover-glass will bring about this 
result 

(c) Two Contraotlle Vacuoles^ also in the cortical layer, 
immediately beneath the cuticle. They are on the aboral 
side, and at some distance from each other. Leading from 
the vacuoles like the rays of a star are canals passing into the 
endosarc. Canals and vacuole contract alternately. At the 
comi)letion of the systole of the vacuole the stellate canals are 
full, during its diastole they empty. 

(d) An Anus appears just below the mouth at the moment 
of ejection of faecal matter. 

3. Note in the more fluid Endosarc — 

(«) Food Vacuoles exhibiting Cyclosis, as in Vorticella, 
(p) Two Nuclei lying behind the pharynx, a very large 

Meganucleus and a much smaller Mioronucleus beside it. 

The larger is sometimes spoken of as the Nucleus^ the other 

as the Paranucleus. 

4. The Nutrition, Respiration, and Excretion of 
Paramaecium are in all respects similar to these processes in 
Vorticella. 

5. Reproduction. Paramaecium reproduces itself by 
transverse fission. A cleft appears opposite the mouth and 
extends across the animal, mega- and micro-nuclei being both 
divided so that each product of the fission has a portion of 
each nucleus. 

There is also a process of Conjugation which differs 
considerably from the conjugation of Vorticella. The con- 
jugating gametes unite by their ventral surfaces, and may 
remain in conjugation for several days. During this time the 
meganucleus in each animal becomes fragmented by mere 
constriction (a process which we have already called direct 
nuclear division), and its fragments sometimes completely 
disappear. Each micronucleus divides twice (by indirect 
nuclear division), thus producing four daughter-nuclei. Three 
of these (rejection nuclei) abort, the other divides again into 
two pro-nuclei, one of which is stationary, the other migratory. 
Each migratory pronucleus passes from one conjugating 
animal to the other, and there fuses with the stationary pro- 
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nucleus, but there fe no transference of cytoplasm, conjugation 
being wholly a nuclear process. The animals then separate. 
The conjugation-nucleus in each divides twice, producing two 
mega- and two micro-nuclei, one of each passing into the two 
individuals formed by the fission which immediately follows. 
This is also therefore a process of Rejuvenescence. 

There is reason to believe that the two nuclei of 
Paramaecium, as well as of other unicellular animals {Protozoa) 
of the same grade {Ciliata) zxq together the equivalent of the 
single nucleus of other cells, and that in the meganucleus 
reside the physiological properties of a nucleus, whilst the 
hereditary properties are contained in the micronucleus. It 
will not be uninstructive in this connection for the student to 
recur to what has been said before about the fragmentation 
of the nucleus in those cells of the Characece which have for 
ever lost the power of division. 



CHAPTER XIV. 

HYDRA VIRIDIS, 

There are three species of hydra found inhabiting still 
fresh waters in this country, the commonest being the green 
Hydra viridis. They are all small, altliough not microscopic, 
seldom exceeding when fully extended a length of half an 
inch, and wlien retracted looking like small rounded particles 
of jelly. They will be found attached to water-weeds by a 
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foot which acts like a sucker, or hanging free with the foot 
at the surfece of the water and tentacles spread out below. 
They ihrive well in a small window aquarium with water-weeds, 
and show their liking for light by crowding together on that 
side of the aquarium which is nearest the window. 

I. Transfer some Hydras to a shallow vessel, and keep 
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them under observation for a time, using a hand lens when 
necessary. 

The animal consists of a long cylindrical body, which when 
fully extended is of about equal diameter throughout At one 
end is the Foot, by which it attaches itself to solid objects 
or to the surface film of the water. It can also shift its place 
slowly by means of the foot. At the other end is the Moutli, 
not visible with the naked eye, around which are arranged 
from six to eight Tentacles. These are freely movable, 
constantly bending, straightening, contracting, and expanding. 
Touch the tentacles and they immediately contract Watch 
a small animal come in contact with them, and they bend 
over on it, carrying it to the mouth. The body also is 
commonly in motion, slowly bending first to this side, then 
to that Frequently similar but smaller animals are attached 
to the body of a Hydra. These are Buds^ which are out- 
growths of the body-wall of the parent. Smaller projections 
may also be found on the outside of the body-walL These 
are the Sexual organs. Frequently the animal changes its 
place by a looping motion like that of a caterpillar, taking 
hold alternately by means of foot and tentacles. The whole 
animal is a hollow bag, the cavity extending throughout the 
whole of its body and into the tentacles. ' 

2. Mount one in an excavated cell, or on an ordinary 
glass slip with a piece of weed to prevent pressure, and 
examine with a low power. 

Note the points already alluded to. The mouth is situated 
at the apex of a conical Peristome, at the base of which is 
inserted the ring of tentacles. When the animal turns its 
peristome upwards the mouth can be easily seen. It is the 
only orifice leading into the body. The tentacles especially, 
and the body-wall to a less extent, present a knotted 
appearance. 

3. Examine with a higher power an extended tentacle. . 

Focus the margin, and note that on the outside is a colour- 
less layer. This is the Ectoderm^ which is sharply separated 
from the internal green layer, the Endoderm, by a thin 
structureless and colourless layer, the Supporting Lamella. 



Hydra Viridis 219 

(d) The Ectoderm consists of — 

i. A layer of large cells, which when the tentacle is extended 
are seen to be very long, narrow, shallow, and flat on the 
surface ; when the tentacle is contracted they are short, wider, 
deeper, and rounded on the surface. They are the Neuro- 
muscular cells of the ectoderm. 

ii. In and between these large cells are smaller bodies 
collected together in groups, and some of them projecting from 
the extended tentacle so as to give it a knotted appearance. 
They are the Interstitial cells, small naked nucleated masses 
of protoplasm, and certain products of their differentiation. 
The latter are of three kinds — 

a. Nematocyets, or Thread-cella. These are ovate sacs 
with truncated outer ends, and filled with liquid. Some wilt 
be seen witli everted hollow whip-like threads, barbed at the 
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base, the thread being a continuation of the wall of the sac ; 
in others the threads are coiled up in the sac. They are 
weapons for capturing, and perhaps paralyzing small animals 
which form the food of the Hydra. In eversion the thread 
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is darted swiftly into the body of the prey, being turned com- 
pletely inside out in so doing. In fortunate cases the observer 
may find small animals fixed to the tentacles by nematocysts. 
After capture the prey is carried to the mouth and swallowed. 

p. Thread-cells, as long as the other actively offensive 
nematocysts, but narrower, and with shorter and thicker 
unbarbed threads. They, like the thread-cells described above, 
are surface cells. These are in great numbers on the peristome 
about the mouth. 

y. Much smaller thread-cells, of the same shape as the 
active cells, but with fixed short threads. Whilst the actively 
offensive nematocysts project from the surface on maturity, 
these always lie deep among the bases of the neuro-muscular 
cells. They are not improbably tactile bodies. 

{b) The Endoderm consists of a single layer of large 
cells whose bases are everywhere in contact with each other 
on the supporting lamella, but whose free internal borders are 
amoeboid, and capable of extending, so as to almost close the 
cavity of the tentacle, or of contracting, so as to form a layer 
little thicker than that of the ectoderm. The undulating border 
of the endodermal layer of cells can be seen in the tentacle 
with here and there a moving Flagellum. Chlorophyll 
corpuscles are present in large numbers. 

The structure of the body is similar to that of the tentacles 
with, however, fewer thread-cells. 

4. Tease up a fresh Hydra in water, add a trace of methyl 
blue, and examine with a high power. Several such prepara- 
tions must be made before all the following points are made 
clear. 

(a) The neuro-muscular cells are rounded on the wide 
outer ends, but their narrower inner ends are produced into 
long processes which lie along the supporting lamella. Each 
contains a large nucleus, which stains well. In the intercellular 
spaces at their bases lie the interstitial cells. 

{b) Rounded interstitial cells, set free by the separation of 
the large neuro-muscular cells, float freely in the water. Their 
small nuclei stain deeply. 

(c) The large offensive thread-cells. Their development 
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can easily be traced in the globular interstitial cells (Cnido- 
blasts) in which they are found. When mature the much- 
reduced cnidoblast still envelops the sac, and in the larger 
variety projects beyond its apex on one side as a small- 
pointed process called the CnidoclL 
The other forms of thread-cells will also 
be isolated, 

{d) Sometimes small, isolated, deeply 
stained stellate nerve-cells. 

(fi) Portions of the supporting la- 
mella should be looked for. 

if) The Bndodermal cells are very ^"'■^i;;^,'^}'^X^ "* 
large and profusely vacuolated. In the 
cells, or set free from torn cells, will be found great numbers of 
chlorophyll corpuscles. In the cell they lie on that side adja- 
cent to the supporting lamella. The green colouring matter 
is not equally diffused throughout the corpuscle, but occupies 
certain definite spaces in it, chiefly in its peripheiy. Small 
vesicles which have escaped from torn endodermal cells may 
be found with chlorophyll corpuscles in them, and in every 
cell are one or more small vesicles containing small dark- 
brown granules, which may be disorganized chlorophyll bodies. 
Small particles of food, diatoms, and portions of the chitinous 
cases of small animals are also frequently to be found in the cells. 

5. Inundate a Hydra with very weak ("S per cent.) acetic 
acid. Tease this up, and examine with a high power. 

The nematocysts will be found with everted threads. The 
interstitial cells are separated, and especially well seen In such 
preparations. 

6. Kill a fully extended Hydra by suddenly inundating it 
with I per cent osmic acid. Wash in water, place in alcohol 
for a few hours to dissolve out the chlorophyll, .wash again in 
water, and stain In dilute ammonio-acetic carmine (Hamann's). 
Mount in water without pressure, and examine. 

Select the most extended portion of the body, usually just 
above the foot, focus the surface first, and then take successive 
' optical sections through to the endoderm. Note the well- 
stained stellate nerve-cells which are very rarely met with in 
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close connection with nematocysts, the long processes of 
the neuro-muscular cells, the interstitial cells in groups, the 
longitudinal striation of the supporting lamella, the outlines of 
the bases of the endodermal 
cells forming a lattice-work and 
the contents of these latter cells. 
7. Tease up a Hydra, treated 
as in 6, in water or dilute gly- 
cerine, and examine with a high 
power. 
'''°'iJfhTm™i'iila"llMji^™'T'''"' No'« ^^ ™*^ fibrillae of the 
supporting lamella. They lie 
parallel to one another in the direction of the animal's length. 
In some places they may have been separated from one 
another by the teasing. 

Nutrition. — The animals caught by the tentacles are 
carried to the mouth. 
This is very extensible, 
and on the approach of 
the captured prey it opens 
widely, showing its five 
lobes or lips. These seize 
the prey and force it into 
the cavity of the body, 
\ which is the digestive 
cavity. A Hydra is cap- 
able of swallowing an 
animal of much larger 
diameter than itself. In 
the digestive cavity the 
food is broken up, the 
softer parts are dissolved 
and absorbed in solution 
by the endoderm cells, 
Fig. M7.— Longitudinal s«:iioaihrouBha//jrrf„ the harder parts are 

endodennin^.neiiro-iiiuscularptocesKa'irf.y' forCed into these cells bv 

*^ ^ ' their amceboid activity, 

and are there subjected to intra-cellular digestion. The flagella 
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of the endodermal cells keep the fluid of the digestive cavity 
constantly in motion ; the current can be easily observed in 
the tentacle of the living animal. The cells outside the sup- 
porting lamella are nourished by diffusion from the endodermal 
cells. Faecal matter is ejected through the mouth. 

The part played by the chlorophyll bodies in nutrition, and 
their relationship to the animal, is not . clearly understood. 
Starch is not found in them, although they liberate oxygen 
from carbon dioxide. There is not much reason to doubt that 
they are concerned in the formation of protoplasm here as in 
the green plant. 

There is not known to be any definite Nervous System 
in Hydra. Stellate cells, which have been described as similar 
to the nerve-cells of the higher animals, occur among and 
between the groups of interstitial cells, but the complex move- 
ments which the animal is capable of are possibly combined, as 
they are certainly produced by the processes of the neuro- 
muscular cells. 

Reproduction is both Asexual and Sexual. 

Asexual Reproduction is by means of buds produced 
from the body of the well-fed parent. The bud is a product 
of both ectoderm and endoderm. It appears first as a lateral 
protuberance of the body-wall, increases rapidly in length, 
tentacles are developed by outgrowths near the extremity, and 
a mouth is formed at the apex of the peristome. The bud 
leads an independent life whilst it is still in organic connection 
with its parent, and it can even become the parent of other 
buds before separation takes place. 

A Hydra may be cut in two pieces and each piece will 
develop into a perfect animal. Fission, however, is not known 
to take place naturally. 

Sexual Reproduction is of an advanced type. The 
animal is monoecious and self-fertilizing. The Ovary is a 
large spherical projection of the body-wall, usually not far 
above the foot, and formed by local growth of interstitial cells. 
One of these becomes much larger than the others, being 
nourished at their expense, and is amoeboid. This is the 
Ovum^ which has a well-defined nucleus (germinal vesicle) and 
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nucleolus (germinal spot). The nutrient cells form the ovarian 
wall, which ruptures at the apex when the ovum is ripe so as 
to expose its apex, and in this position it is fertilized by sper- 
matozoa from the testis of the same individual The ovum of 
Hydra viridis contains chlorophyll corpuscles. 

The Testis is a much smaller swelling of the body-wall 
near the tentacles. • Whilst in H, viridis more than one ovary 
is rarely found, there are usually several testes. These are also 
formed by active subdivision of interstitial cells, the wall of 
the testis being formed by the large ectoderm cells. The 
spermatozoa are long thread-like bodies with highly refractive 
heads formed from the nucleus of the mother-cell, and long 
swimming tails formed from the cytoplasm of the mother-cell. 
They escape when ripe by rupture of the wall of the testis. 
To set them free for examination it is only necessary to tear 
off the capsule of a large testis with a fine needle, or apply 
pressure to the cover-glass. 

After fertilization the ovum by repeated divisions forms a 
spherical mass of cells. This becomes coated by a thick, 
rough chitinous coat secreted by the outer cells of the mass, 
and in this state it falls into the mud and develops into a 
young hydra. 

Hydra is one of the simplest representatives of the Mela- 
zoa or Enterozoa which differ from the Protozoa in the 
differentiation of structure and function of its constituent cells. 
The Metazoa includes all animals above the grade of Protozoa, 
and all are characterized by ectodermic and endodermic layers 
of cells and the possession of a digestive cavity (Enteron) 
communicating with the exterior. 
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CHAPTER XV. 

THE POND, OR SWAN MUSSEL {ANODONTA CYGNEA). 

The common Pond, or Swan Mussel is an inhabitant of 
fresh-water ponds, canals, or slowly running rivers. It imbeds 
itself in the mud or sand at the bottom by means of a riaus- 
cular retractile foot and always in such a position that the axis 
of the animal forms an acute angle with the surface. In 
shallow, clear, unshaded water with a soft bottom it sinks in the 
mud until nothing is left exposed but the extreme posterior 
dorsal end of its shell ; in deep or shaded water a much larger 
portion is left uncovered. By means of its foot it can move 
slowly about from place to place. 

The mussel feeds on minute organisms, both plants and 
animals, suspended in the water. It is incapable of rapid 
movements to seize its prey, and it is not furnished with any 
organs of prehension, but by means of the vibratile cilia, with 
which large portions of its body are covered, it produces a 
current in the water which brings to its mouth the minute 
organisms on which it feeds, supplies it with aerated water for 
respiration, and carries away from it faecal matter. 

Procure living mussels, place some in water with a layer 
of clean sand at the bottom, and put others into a quarter per 
cent, solution of chromic acid for a couple of days and then 
into alcohol. The mussel may be killed for dissection with 
its foot protruded by placing it in cold water and gradually 
raising the temperature to about 150° F. 

I. Watch the mussels in water. The Exoskeleton is 
bilaterally symmetrical, and consists of two hard Valves 
hinged along the dorsal line, and capable of being separated 



i26 Practical Elementary Biology 

along the ventral line. Each valve shows excentric markings 
curvii^ around a boss on the dorsal side. This boss is the 



Umbo, and is the oldest part of the shell ; the curved lines 
are lines of growdi. It wilt be readily seen from the lines 
of growth, that growth proceeds more rapidly towards one 
extremity of the valve than towards the other. The extremity 
of more rapid growth is the posterior extremity; the opposite 
is the anterior. 

Out of the water the valves of the living mussel are closely 
approximated on the ventral side ; in a dead mussel they gape 
widely. The valves of the living mussel are kept closed by 
the contraction of Adductor Mnscles, which pass straight 
across from one to the other; when they are not contracted 
the valves open by mechanical means. Above the hinge-line, 
just posterior to the umbones, is a raised dark-coloured ridge. 
This is the ElaBtic Ligament, which, projecting to the dorsal 
side of the hinge, converts the valves into levers moving on 
the hinge as fulcra. When the valves are closed the ligament 
is stretched ; on relaxation of the adductor muscles the elas- 
ticity of the ligament opens the valves. Cut longitudinally 
through the elastic ligament of a living mussel, and the 
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valves separate no more, The injured ligament is never 
repaired. 

Watching a living mussel in the water, it will be seen to 
open its valves, protrude its foot — a reddish-yellow mass — 
which, bending over to the sand and burrowing in it, turns the 
dorsal side of the animal uppermost Then at its posterior 
extremity currents appear in the water. Rub up finely-divided 
carmine in water, take a little in a dipping-tube and release a 
few drops close to the posterior extremity of the mussel- It 
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will be drawn between the valves through an opening fringed 
with short Tentacles, and a moment after a portion of it will 
be expelled from another orifice close above the first. This 
current is constant so long as the valves are open in water. 
The ventrally placed orifice (ringed with tentacles is the 
Inhalent Siphon. The tentacles form a strainer which 
prevents large particles fi-om entering. They are very sensitive, 
and when a larger body than ordinary comes in contact with 
them the valves are quickly closed, expelling a large quantity 
of water and the offending particle with it. The orifice above 
the inhalent siphon is the Exhalent Siphon. Its borders 
are thin and mobile, and not unfrequently they alone close 
the siphon, causing the exhalent current to emerge through a 
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smaller oritice, or even more than one, dorsal and anterior to 
the exhalent siphon. 

2. Take a living mussel, prise open the valves to a slight 
extent, and, looking inside, note that the inner surface of each 
valve is closely covered by a membrane whose free surface 
extends nearly to the edge of the valve. This is the Mantle, 
and the space between the two mantle-lobes is the Branchial 
Chamber. In the branchial chamber are suspended four 
Gill-plates, two on each side of the median foot The inhalent 
siphon leads into this chamber, the exhalent siphon leads into 
a Supra - branchial Chamber overlying the branchial 
chamber, and commui»icating with it by two large slits further 
forward, and by numerous pores in the gill-pIates. 

3. Lift the edge of one mantle-lobe, and note that it is 
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attached to the valve some little distance from its edge along 
the whole length of the valve. This is the Palllal Line. 
Near the posterior extremity the attachment is firmer. This 
is where the Posterior Adductor Muscle is inserted on the 
valve. Cut through this muscle close to the shell with a sharp 
knife, detach the mantle-lobe along the palltal line, and cut 
through the Anterior Adductor and other muscles close to 
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it in the same way as the posterior. The valve may now be 
separated from its fellow along the hinge line, leaving the animal 
lying in the other valve. Place it in water in this position. 

4. Examine the detached valve. The inner surface except 
along the edge has a pearly lustre. The pallial line and the 
lines of growth are clearly marked. Near the extremities are 
the impressions of the attachment of the muscles. Compare 
these impressions with the positions of the muscles themselves 
in the animal lying in the other valve, and notice — 

(a) The Anterior Adductor impression. This is a large 
impression lying nearly close to the anterior extremity of the 
valve. The contraction of the muscle closes the valves. 

(b) The Anterior Betractor impression is small, and lies 
immediately behind that of the anterior adductor and con- 
tinuous with it The muscle withdraws the foot after pro- 
trusion. 

(c) The Protractor Pedis impression is small, and lies a 
short distance below and behind that of the anterior adductor. 

{d) The Posterior Adductor impression is large. The 
muscle closes the valves by its contraction. 

{e) The Posterior Retractor impression is small and 
continuous with the dorsal limit of the posterior adductor 
impression. 

The muscular impressions are the bases of faintly outlined 
triangular spaces whose apices are at the umbo. They mark 
the lines along which the muscles shifted as the animal grew. 

5. Notch the valve with a file from the umbo to the ventral 
surface, break it across, and examine the edge with a hand lens. 
For the details of structure thin sections must be examined. 
Note that it consists of the following three layers : — 

{c^ The Periostracum is the thin, horny, brown outer 
layer. This is reflected at the ventral margin over the inner 
edge of the valve. 

{b) The Prismatic Layer occupies the niiddle half of the 
thickness ' of the shell. It is composed of polygonal prisms 
of calcium carbonate placed closely side by side. This and the 
periostracum are secreted by the free edge of the mantle. 

(c) The Pearly Inner Layer is composed of alternate 



230 Practical Elementary Biology 

laminae of calcified and uncalcified matter. It is secreted by 
the whole inner surface of the mantle. 

6. Place a piece of the valve in dilute hydrochloric acid. 
The calcium carbonate is dissolved with evolution of gas, 
leaving the soft animal matter of the shell. 

7. Bum a valve in a clear fire, remove, and examine when 
cold. The animal matter has been consumed, and in con- 
sequence the inner layer easily separates completely from the 
middle layer along the pallial line and breaks up into thin 
flakes. 

8. Examine the exposed mantle-lobe which lined the valve 
just examined. Note its thickened margin. Lift its edge, and 
note that its attachment to the body-wall, of which it is an 
expansion, is along an irregular line. Commencing above and 
in front of the anterior adductor muscle, it passes down and 
around the ventral side of that muscle, skirts the protractor 
pedis muscle on its ventral side, and then rising, follows the 
line of the base of the gills backwards to the ventral side of 
the posterior adductor. Curving around this muscle, it rises 
upwards and backwards, and becomes continuous with the 
attachment of the other mantle-lobe in the region of the 
ligament. Its margin is free except above the exhalent siphon, 
where it joins with the margin of its fellow, leaving, however, 
the supplementary aperture of the supra-branchial chamber 
already described as being above and in front of the exhalent 
siphon. The margins of the mantle-lobes come in contact 
with each other, but are not united, below both siphons, and 
thus form their limits. 

Turn up the mantle-lobe, bring its under surface to the 
surface of the water, throw if necessary a strong light upon it, 
and note the working of the cilia with which it is covered. 

9. A pair of Gills are now exposed. They are ciliated 
lamellar structures lying between the foot and the mantle-lobe. 
Their anterior extremities reach about as far forward as the 
umbo ; behind the foot the inner gills of opposite sides unite 
to form the floor of the supra-branchial chamber. 

10. In front of the gills are the Labial Palps^ a pair of 
richly ciliated triangular bodies, each of which is continuous 
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with its fellow of the opposite side around the front of the 
Visceral Moss which overlies the foot Between the outer 
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and inner labial pulps in front of the visceral mass is the 
mouth. 

1 1. Occupying the anterior median portion of the branchial 
chamber is a body, the lower reddish portion of which is the 
muscular foot, the upper a mass of viscera consisting of the 
liver and sexual organs through which runs the digestive tract, 

12. Turn the gills and mantle-lobe down again, and note 
in the dorsal region at about the middle of the length of the 
animal a transparent space, within which movements are seen. 
The cavity is the Fericardium, the moving body within is the 
Heart. 

13. Make a detailed examination of the structure of a gill- 
plate. With the naked eye it can be seen that it is vertically 
and transversely striate. With a hand lens it is made evident 
that the vertical markings are of two kinds, thin narrow rods, 
the Gill-filaments, which are close together, and broader bars 
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which occur at wider intervals. Cut out a piece of either gill- 
plate, examine the cut edge, and note that it is composed of 
two lamellae, which are united together by the wider vertical 
bars spoken of above, the Inter-lamellar Junctions. 

14. In an excavated cell mount a small piece of the outer 
lamella of the inner gill with its outer side uppermost, and 
another with its inner side uppermost. Cover without pressure, 
and examine with a medium power. 

Focus the surface of the first piece, and note that each gill 
filament is strengthened near its outer edge by two chitinous 
rods. Focussing a little deeper it can be seen that the inner 
edges of the filaments are concrescent laterally, leaving, how- 
ever, small oval pores. At the edges of the filaments, and in 
the hollows around the pores, cilia are in incessant motion. 
In the inter-filamentar junctions is much fibrous tissue which 
forms the transverse markings of the gills. Examine the second 
piece for confirmation. If a piece of the gill-plate which has 
been kept in alcohol be allowed to dry extended, and then 
be examined with a hand lens, its structure can be made out 
with surprising distinctness. 

There is a common axis for the pair of gill-plates on each 
side of the body. These axes run longitudinally on the dorsal 
side from near the labial palps back to the exhalent siphon. 
The posterior portion is free, the anterior is concrescent with 
the body-wall. Two descending rows of gill-filaments have 
their origin in each axis. By the inter-filamentar junctions 
the filaments are united laterally and form the outer lamellae 
of the inner gill-plates, and the inner lamellae of the outer gill- 
plates. At the free edges of the gill-plates they ascend parallel 
to their descending portions, and thus form the outer lamellae 
of the outer gill- plates, and the inner lamellae of the inner gill 
plates. 

The edges of the outer lamellae of the outer gill-plates are 
concrescent with the mantle-lobe along their whole length. 
The edges of the inner lamellae of the inner gill-plates are 
concrescent with the visceral mass in its anterior portion, free 
near its posterior portion, and united with each other behind it. 
Between the free portions of their edges and the visceral 
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mass the branchial communicates with the supra-branchial 
chamber. 

ij. Take a mussel hardened in chromic acid, and remove 
the mantle-lobes just below their lines of attachment. Insert 
a pair of scissors through the exhalent siphon into the supra- 
branchial chamber, cut along the attachments of the outer 
lamellse of the outer gills, then just above the gill-axes, finally 
through the base of the foot and visceral mass, completely 
removing the dorsal portion of the body. 

The bases of the gills are now exposed, and their relations 
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to the gill-axes and to each other can be studied in detail. 
The inter-lamellar junctions are here very wide and can be 
well seen. 

1 6. The following should also be noted in this dissection ; — 
On the inner side of the anterior portion of each gill-axis, close 
to and parallel with it, is a channel, the Ureter, which opens 
at its anterior limit by a narrow slit into the space between the 
lamellte of the inner gill immediately in front of the free edge 
of the inner lamella. Pass a guarded bristle into it, turn up 
the animal, and note its point of emergence through the Reniil 
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Aperture. Inside the ureters on each side are the Eidneyd 
(Nephridia), sacculated organs whose walls carry a mass of 
tubules. These overlie the spaces over the inter-lamellar junc- 
tions of the inner gill-plates, and in the dissection they, as well 
as the ureters, are divided longitudinally. 

Examine now the under surface of the dorsal portion, that 
which formed the roof of the supra-branchial chamber. The 
remainder of the kidneys is now exposed to view. They are 
separated from each other in the middle line by a thin mem- 
brane only. On the outer side of the anterior portion of each 
is exposed a portion of the ureter. Pass a seeker back into 
each, and note that they lead back over the kidneys. Separate 
the tubules in the roof of the posterior portion of the kidney, 
and note a small irregular opening on the inner side which 
leads up into the ureter. Pass a guarded bristle through it 
into the ureter. 

It has now been shown that the kidney communicates with 
the ureter, and the ureter with the exterior. It will be seen 
in a later dissection that the pericardium communicates with 
each kidney, so that the pericardium, which is the primitive 
body-cavity, communicates with the exterior through the 
kidney. 

17. Take another hardened mussel, remove one valve, and 
pin out the other with the animal lying in it under water. 
Slit open the pericardium and remove as much of its wall as is 
necessary to expose the organs within it. 

These are the Heart and the great vessels opening from 
it, the Anterior and Posterior Aortas, with a portion of the 
Bectum, the terminal portion of the intestine. The heart 
consists of a median thick-walled muscular Ventricle, through 
which passes the rectum, and two thin-walled Auricles com- 
municating laterally with the ventricles by wide slits with 
pouched lips which form valves. 

18. Cut through the auricle on the exposed side, and note its 
communication with the ventricle. Slit open the ventricle, and 
note its internal fibrous muscular wall and the rectum running 
through it. Pass a seeker from the ventricle into the anterior 
aorta lying on the rectum, and into the posterior aorta lying 
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beneath the rectum. The ventricle is originally free from the 
rectum ; during development it grows around it 

19. Cut through the rectum and aortfe near the anterior 
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and posterior limits of the pericardium, also through the other 
auricle, and remove the whole. T^e the opportunity ol 
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examining the cut end of the rectum and noting that its floor 
is raised up into a longitudinal projection, the TypUosole. 
Look in the floor of the pericardium in its most anterior 
portion for the slits — Reno-pericardial Openings— which 
communicate with the kidneys. In the median line of the 
floor of the pericardium is a large blood sinus, the Vena 
Cava, separated from the pericardium by but a very thin 
membrane. Open up this very carefully without injury to the 
renal organ on each side of it. 

The Blood of the mussel is a colourless coagulable fluid 
holding in suspension nucleated amoeboid corpuscles. Mount 
a drop of blood taken from a freshly killed animal, and examine 
with a high power. 

The course of the blood-vessels is difficult to follow without 
injection. The venous system is mainly represented by irregu- 
lar lacunar spaces into which the blood passes from the tissues. 
Shortly, the course of the circulation is this : By the contrac- 
tion of the ventricle the blood is forced into the aortae. The 
anterior aorta supplies the visceral mass and foot, the labial 
palps, anterior muscles, and the anterior portion of the mantle. 
The posterior aorta supplies the posterior muscles and the pos- 
terior portion of the mantle. It then collects in the lacunar 
blood-spaces, and from them it passes into the vena cava. 
From the vena cava it flows by a number of vessels through 
the kidneys and thence into large vessels lying in the gill-axes. 
From these vessels it passes into the branchial vessels and 
spaces lying in the inter-lamellar junctions, and from them by 
many openings which can readily be seen at this stage of the 
dissection to the expanded bases of the auricles. From the 
structure of the gills it is inferred that they are not nearly so 
effective for respiration as are the mantle-lobes. 

20. Pass the end of a blow-pipe into the reno-pericardial 
opening, which is uppermost, and inflate the kidney and ureter. 
Slit up the delicate thin roof of the ureter which lies upon and 
to the outer side of the kidney, and, cutting through the mantle- 
lobe and gills, trace it to its external opening. Inflate again, 
and note by the bubbles passing through, the aperture by 
which the kidney communicates with the ureter. The two 
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ureters communicate with each other anteriorly by a wide slit, 
the Inter-renal Aperture. 

21. Make a transverse section of a hardened mussel 
through the ventricle and determine the relations of the parts 
to each other. Other transverse 
sections should be made about a 
quarter of an inch apart from each 
other, and the section laid out in 
order beneath water or alcohol, and 
studied. 

23. For the dissection of the 
digestive system a living mussel 
should be kept for a few hours in 
water containing finely divided car- 
mine in suspension. This should 
be gently stirred occasionally to 
prevent it sinking to the bottom of 

the vessel The animal should then "iransverse s«iiod''ihrgi^f'^ 
be killed in hot water as already a^T^x\''^™ims^^^- 
described, and kept in alcohol for ™^," S^-toiic^bT'^b."; 
a few days. On dissection the EJn ™™ ""ImI "^"f^' 
digestive tract can be readily fol- inne, giiij . 'imtstinei/ foml 
lowed by the carmme which it will 

contain. Remove first the mantle, gills, and labial palps of 
one side whilst the animal lies in one valve of the shell. Pass 
a seeker into the mouth and follow the seeker with a knife, 
removing the tissues as they become separated so as to get a 
longitudinal section of the whole tract. The following portions 
will be successively exposed : — 

{a) A short vertical CEsophagns. This leads into 

{b) An expanded Stomach. The stomach lies io the dark 
brown tissue of the Digestive Gland, the so-called Liver, 
which opens into the stomach by ducts. 

(c) The Intestine opens from the floor of the stomach 
and passes downward and backward in the soft mass of the 
sexual organ. In this portion the typhlosole is well developed 
on the ventral side. The intestine then forms three loops, not 
remaining constantly in the median plane, and finally passes into 
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((/) The Bectttm, where the typhlosole is also well de- 
veloped. The passage of the rectum through the pericardium 
has already been noted. 

(<r) The extremity of the rectum is the Anus. This opens 
in the roof of the supra-branchial chamber on the summit of 
a papilla close to the exhalent siphon. The posterior portion 
of the supra-branchial chamber is not unfrequently called the 
Cloacal Cavity. 

23. Scrape the wall of the intestine, mount the scrapings 
in water, and examine with a high power. 

They consist mainly of closely packed columnar epithelial 
cells, with broad ciliated free extremities and simple or divided 
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filiform bases. A few unciliated cells appear to be secretory 
in function. 

24. The nervous system of the mussel consists of three 
pairs of nerve-ganglia connected by nerve-commissures, and 
giving off nerve-trunks. 

The Cerebral Ganglia are a pair of triangular orange- 
coloured bodies, each lying very little below the surface 
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between the protractor pedis and the anterior adductor 
muscles. Use a hardened mussel, break through the integu- 
ment at this point, and the 
ganglion is exposed. From the 
cerebral ganglia the muscles in 
their vicinity, the labial palps, 
and the anterior portion of the 
mantle are supplied with nerves. 
From each cerebral ganglion 
arise three commissures, con- 
necting it with its fellow of tlie 
opposite side and with the other 
ganglia. 

The Cerebral Commis- 
Bure arises from the anterior 

portion of the ganglion, and, I'io.^^^-Anodo^ia c,ei^ ce, cm- 
passmg behind the anterior ad- connKti"*; /, hvenaji. anten« 
ductor muscle and before the /.a, piotraciDr' pedis musdei /./' 
mouth, joins its fellow, of the " 

opposite side. Press away the muscle from the tissues behind 
it and the commissure will come into view. 

The Cerebro-pedal Commissnre arises from the pos- 
terior inner angle of the ganglion, and passes straight to the 
Pedal Oangllon of its side, lying on the borders of the foot 
To see this commissure, disconnect the ganglion from the 
cerebral commissure and from the nerves on its anterior and 
ventral sides. 

The Cerebro-olfactopy Commissure of each side arises 
from the dorsal angle of the ganglion. It runs near the surface, 
first through the liver, then through the sexual organ back to 
the inner border of the kidney. It may be easily exposed by 
following it up from the ganglion, breaking through the tissues 
overlying it with the point of a needle. These commissures 
connect the Cerebral with the Olfactory Oanglia lying beneath 
the posterior adductor muscle. 

The Pedal Oanglia lie between the muscular foot and 
ihe sexual organ. They are closely apposed, and may be mOst 
easily found by snipping oGT the ventral edge of the foot with 
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a pair of scissors and then slowly tearing the halves of the 
foot apart until the orange-coloured ganglia come into view. 
They supply 
nerves to the foot 
and the visceral 
mass, and one 
small trunk passes 
from each to the 
Auditory Sao, 
containing a small 
Otolith. This lies 
a little behind and 
below the gang- 
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It is not 



easily found, al- 
md patience it may be exposed. The 
cerebro-pedal commissures are easily traced 
up to the cerebral ganglia. 

The Olfactory, or Farieto-splanch- 
nic Ganglia, lie in the roof of the supra- 
branchial chamber beneath the posterior 
adductor muscle and close to the surface. 
They may be exposed by opening up the 
chamber in the manner already described, 
and removing the thin epidermis covering 
the ventral surface of the muscle. They 
are closely connected in the median line, 
and give off nerves to the muscles adjacent, 
and to the posterior portion of the mantle. 
The edges of the mantle bordering the 
,, ' siphons are especially well supplied. 

161. — Nwvoui sys- r J rr 

■.m ot Anadenu el's- sj- The Soxual Rsproductive Or 
^giia i"/^r^dai gans (Qonade) are situated above the 
"/' pog'^'i ""^ foot and behind and beneath the liver. 
The mussel is dicecious. Ovary and 
Testis being found in different indivi- 
duals. Each gonad is a racemose gland 
consisting of many blind diverticula, opening by its duct to the 
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exterior close to the renal aperture. In appearance the gonads 
resemble each other closely. If, however, a small piece be 
teased out — in normal salt solution, if fresh — and examined 
with a high power, the difference is plain. 

The Testis will show, in winter and early spring, numbers 
of motile Spermatozoa^ with rounded heads and long vibra- 
tile tails. 

The Ovary at the same period will show Ova in various 
stages of development. The mature ovum is a spherical 
nucleated cell, with a dull glassy appearance. 

The Genital Aperture is close to the renal aperture. 
The ova are ejected into the supra-branchial chamber and pass 








Fig. 169. — Mussel. 1--3, young ova ; 4, ripe ovum ; 5, ovum showing spiral star ; 6, 
spiral star much magnified ; 7, glochidium with byssus ; 8, 9, glochidium shells ; 
zo, XI, beak of glochidium much magnified. (Morgan.) 

into the spaces between the lamellae of the outer gill-plates, 
which function as brood-pouches. Here they are fertilized by 
spermatozoa introduced in the inhalent current, and here they 
pass through the first stages of development which result in 
the production of a curious larval form, the Glochidium^ 
formerly believed to be a parasite of the mussel. The glo- 
chidium is triangular. It has two valves, each provided with 
teeth and a sharp curved beak, a single adductor muscle, and 
a long thread, the Byssus^ by which it is attached to the gill 
of the parent The development is slow. It is not until 
autumn that the glochidium quits the parent and swims freely 
for a time by the alternate opening and closing of the valves 
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of its shell, until it comes in contact with a fish in whose fin 
it hooks its curved beak. Here it encysts itself and passes 
through the remaining stages of its development Finally it 
drops to the bottom of the water and assumes the form and 
habits of its parent mussel. 



CHAPTER XVI. 

THE RIVER CRAYFISH {ASTACUS FLUVIATILISs. 

The common river crayfish is found in the shallow parts 
of rivers and other bodies of fresh water over the whole of 
England and Ireland ; in some places in immense numbers. 
It is carnivorous and even cannibal in its propensities. Lurk- 
ing under stones or in burrows excavated by itself in the soft 
banks of the river, it seizes on its unsuspecting prey by its 
powerful chelje, tears it in pieces, and conveys it to its mouth. 
The animal attains a length when full grown of five or six 
inches. It is brownish in colour, with very often a tinge of 
green in it, and is in structm^ very similar to, though smaller 
than, the edible lobster, Homarus vulgaris, of our seas, to 
which it is so nearly related that in almost all respects the 
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following description will apply equally well to the lobster. 
The student should be careful, however, if he uses lobsters, 
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to get them unboiled, and not the familiar red specimens of 
the fishmonger's shop. 

The whole body is covered externally by a tough cuticle, 
which everywhere, except in places where motion of parts on 
one another takes place, is hardened by infiltration of carbonate 
and phosphate of lime. The cuticular covering is continued 
at the mouth and anus into the alimentary canal, which it 
wholly lines except a very short portion, the mid-gut. During 
the first year of the animaFs life, when growth is actively going 
on, the cuticle, which has no power of growth, is cast off two 
or three times, a new one being secreted in a few days after 
each Ecdysis. Afterwards ecdysis takes place about once 
a year. In its soft and defenceless condition the crayfish falls 
an easy prey to its enemies, from whom it endeavours to 
escape by going into hiding until its new shell is hard enough 
to be a sufficient protection. The body of the crayfish has 
great capability for repairing injuries. If a limb is injured it 
is cast off and a new one grows in its place. 

The sexes are separate, the testis being in one animal, the 
ovary in another. They are also to be distinguished externally 
by certain Secondary Sexual Characters; the female is 
broader in the abdomen than the male, and certain of the 
abdominal appendages are different in the two sexes. 

Live crayfish should be obtained and kept, preferably in 
an aquarium with glass sides through which they can be 
watched. The animal moves about slowly by walking with 
its four pairs of ambulatory legs. Alarm it by suddenly thrust- 
ing something at it, and the animal darts backward by the 
sudden flexion of its abdomen. Turn it over on its back, and 
mark the motion of its swimmerets (abdominal appendages) 
in reversing its position. Touch an eye, and note the mobility 
of the eye-stalk. Set free from a pipette, near the bases of 
its ambulatory legs, water holding colouring matter, such as 
finely divided carmine or indigo, in suspension, and note the 
current sucked in under the carapace and coming out from 
the cervical canal not far behind the mouth. Feed it with 
small animals or meat, and note the prehension and mastica- 
tion of the food. 
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The crayfish will live fairly well in captivity if well looked 
after. Professor Howes says that it may be kept alive for 
some days in a damp atmosphere if fed on sopped bread. It 
is best, however, not to feed it for a few days previous to 
dissection. It may be killed, almost iostantaneously, by 
dropping it into boiling water, but it should be at once with- 
drawn. If not dissected immediately after death it should be 
put into alcohol, and for almost all purposes of dissection 
it is better for having been in alcohol for a few days. 

External Charaders. 

I. Take a dead crayfish and note the following : — The 
body is bilater- 
ally symmetrical. 
It is plainly se- 
parable into two 
portions — an an- 
terior portion 
called the Ce- 
phalothoraz, 
covered by a 
continuous piece 
of the EzoBke- 
leton, the Ca- 
rapaoe, and a 
posterior por- 
tion, the Abdo- 
men. This latter 
is segmented and 
each segment is 
movable, with 
some amount of 
freedom on its 
neighbours. 

The cephalo- 
thorax is divided •"=■ '^-'^'' 'Z^%^^^:^^r^fl ctrvicaig™™ ; 
externally by a 
deep groove, the Cervical Groove, into an anterior Gaphalio 
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and a posterior Thoracic portion. The cephalic groove, which 
is transverse on the dorsal surface, runs forward on each side 
and terminates just below the insertion of the Antennse. The 
carapace is prolonged in front beyond the eyes to terminate 
in a sharp beak, the Rostrum. The thoracic portion has two 
longitudinal grooves on it — the Branchio-cardiac Grooves, 
which mark off a median dorsal Cardiac portion from two 
lateral portions, the Branchial or OiU Chambers. These 
latter are bordered on the outer sides by overhanging portions 
of the carapace, the Branchiostegites, whose free edges 
below are thickly fringed with setae. The thoracic portion of 
the carapace is a backward growth of the cephalic portion. 

The abdomen is formed of seven segments, so articulated 
that each has a range of motion upon its neighbour equal to 
an angle of about 30°. The consequence is that the whole 
abdomen can be so flexed that the terminal segment can pass 
from a straight line with the body through an angle of i8o^ 
The limit of extension is the straight line, which is the body- 
axis. 

2. Examine the third or fourth abdominal segment and 
note — 

The hard convex shell, the Tergum, covering its dorsal 
surface. This is prolonged downward at the sides into the 

Pleura, which are projecting pieces 
fringed with setae. Turn the animal 
on its back and examine the ventral 
surface. Here the hard portion of the 
segment, the Sternum, is narrow. 
Like all the other segments, except the 
last, it carries a pair of appendages, 
hinged on by uncalcified cuticle — Ar- 

'"^minTofTh^^fiX"?? throdial Membranes-and capable 
tergum ; *^, sternum ; ^./, of movemcnt in onc plane only. 

epimeron ; >/, pleuron ; «A j ., , 

articular peg ; /r, proto- Between the appendages and the pleura 

podile; en, endopodite; i'/-ju ^u -bi-^- 

^jr, exopodite. One append- are short calcified bars, the Epimera. 

age has been removed. rrii ^ • . • r ^t_ j. 

The anterior portion of the tergum is 
smooth, and is overlapped in extension of the abdomen by 
the posterior portion of the preceding tergum. 
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3. The articulation of the third with the fourth segment 
should be studied in detail, and in order to do this the seg- 
ments should be removed. Slip a sharp knife underneath the 
tergura, and move it from side to side to sever the connecting 
membrane. Next free the sterna from each other, and then 
slide off the freed portions of the exoskeleton. The two seg- 
ments are connected all round by a tough uncalcified cuticle, 
which is loose on the dorsal side during extension, and on the 
ventral side during flexion of the abdomen. This cuticle re- 
stricts the movements of one segment on the other. The 
anterior portion of the tergum of the fourth segment is smooth, 
and is overlapped by the posterior portion of the tergum of 
the third segment The former bears, just at the origin of 
the pleuron on each side, a small rouhded peg which fits into 
the angle formed by the epimeron and the sternum of the 
third segment. There is a similar but smaller protuberance 
on the inner side of the posterior margin of the third seg- 
ment, close to the same angle, which works in the groove just 
above the peg of the fourth segment. The anterior outer peg 
of the fourth segment thus articulates in the hollow between 
the epimeron and posterior inner peg of the third segment, 
and by this means lateral movement is prevented. The 
articulations of the other segments should be carefully ex- 
amined, when differences will be found. Thus the pleura of 
the second segment overlap those of the first and third, and 
the posterior edge of the carapace fits into a deep groove on 
the anterior edge of the first abdominal segment, an arrange- 
ment which effectually prevents this segment being telescoped 
into the cavity of the thorax. 

There is every reason to believe that the cephalothorax is 
also formed of coalesced segments homologous with those ot 
the abdomen. The evidence for this is found on examina- 
tion of the sternal region. The last thoracic sternum is dis- 
tinct, those in front of it are fused together. The fourteen 
paired appendages, however, mark out the number and 
positions of the fused segments. 

4. Examine in detail one of the appendages of the third 
abdominal segment. 



248 Practical Eletnentary Biology 

Each is composed of a proximal basal portion, the Pro- 
topodite, which is two-jointed, and two distal portions, the 
Endopodite and Exo- 
podite, each of which is 
many-jointed and fringed 
with hairs. The exopo- 
dite is on the outer side. 
The last abdominal 
segment, the Telaon, is 
/■J"" imperfectly hinged trans- 
versely. It bears no 
appendages, and has on 
its ventral surface the 
slit-like Anns, which can 
be closed by the approxi- 
mation of its sides. 

5. Remove carefully 

all the appendages of 

one side, beginning with 

the twentieth ; examine 

each one in detail, 

__ _ __ and mount them on a 

card for future reference. 

i. Six pairs of Abdominal Appendages. 

Twentieth. The protopodite is small and undivided, the 

exopodite is flat with a transverse hinge ; the endopodite is 

also flat and large, but unhinged. 

Nineteenth, eighteenth, and seventeenth. These are small 
swimmerets. Each consists of a two-jointed protopodite, the 
proximal shorter joint being the Coxopodite, the longer 
distal joint the Basipodite, together with a longer endopodite 
and a shorter exopodite, the two latter being many-jointed. 

Sixteenth. In the female this is litce the seventeenth, or 
it may be very imperfectly developed. 

In the male the long proximal joint of the endopodite is 
lengthened at its free extremity, and is there spoon-shaped, 
with one edge rolled on itself like a scroll. This is a 
secondary sexual character, which subserves fertilization. 




idBge of Ihc male. ' 
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Fifteenth, In the female this is always very rudimentary, 
and may even be absent. 

In the male it is an undivided rod, with a spoon at its 
free end. 

ii. There are eight pairs of Thoracic Appendages. The 
fourteenth to the 
eleventh inclusive 
are ambulatory 
legs ; the tenth 
carry the large 
prehensile Che- 
IsB, the ninth to 
the seventh inclu- 
sive are foot-jaws 
— MaxiUipedes 
— and are used 
for passing food 
from the chelse to 
the jaws. 

Remove the 
branchiostegite on 
that side, cutting 
along just below 
the branchioKar- 
diac groove and 
the cervical 
groove, taking care 
to keep the point 
of the sci s sors close 

. ., Fig. 167.— The crayfish: ventral surface, 

to the carapace. ' ' ' 

Fourteenth. The protopodite consists of short coxopodiie 
and basipodite. There is no exopodlte, and the endopodite 
consists of five joints, named, from the basipodite outwards, 
the iBchiopodite, Meropodita, Carpopodlte, Propodite, 
and Dactylopodlte. 

In the male the Oenital Fores, terminations of the Vaea 
Daferentla, are on the summits of small papillae, situated on 
the inner sides of the coxopodites of the fourteenth segment. 
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Thirteenth. This is like the fourteenth, with the exception 
that the coxopodite carries a flat plate, the Epipodite^ within 
the branchial chamber, which bears a Gill. The coxopodite 
also carries a bunch of setae. 

Twelfth. This is like the thirteenth, with the exception 
that the propodite is continued beyond the articulation of the 

dactylopodite, so as to form a pair of pin- 
cers, which assist in capturing prey. 

In the female, the Oviducts open on 
the coxopodites of the twelfth segment. 
Eleventh. This is like the twelfth. 
Tenth. This is like the eleventh, but 
very much larger and more powerful The 
basipodite and ischiopodite are ankylosed 
together. 

Ninth. This is the third maxillipede. 
The protopodite consists of very short 
coxopodite and basipodite, the former bear- 
ing a gill and setae, the latter a small exopo- 
dite and a large five-jointed endopodite. 

Eighth. The second maxillipede is 
smaller and flatter than the third. It has 
the same number of joints. 

Seventh. This is the first maxillipede. 
pendage of the cray- The coxopoditc and basipoditc form a 

fiek gp^ epipodite ; . 

thm bilobed plate. The epipodite is large 
and thin, and bears no gill. The en- 
dopodite is small, the exopodite a little 
larger. 

iii. The Cephalic Appendages are 
six in number. The sixth and fifth are MaxiUsB^ the fourth 
are Mandibles, the third Antennae^ the second Anten- 
nules, the first Eye-stalks. 

Sixth. This is the second maxilla. Both coxopodite and 
basipodite are large flat bilobed plates. The endopodite is 
small and unjointed ; the exopodite and endopodite are fused 
together and form a large plate, the Scaphognathite. 

Fifth. The first maxilla is small. The two joints of the 




fish. 

g gill ; J, setae ; co^, 
coxopodite ; ba, basi- 
podite ; », iscniopo- 
dite ; mCt meropo- 
dite ; ca^ carpopodite ; 
prot propodite ; da^ 
dactylopodite. 
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protopodite are thin plates. The endopodite is also a flat 
plate, and there is no exopodite. 

In front of the first maxilla Is a narrow plate of cuticle 
fringed on the 
inside with hairs. 
This is an out- 
growth of the 
Metastoma, 
which borders the 
mouth. 

Fourth. This 
is the mandihle. 
Before removing 
it note its possible 
side-to- side mo- 
tion. The pro- 
topodite, or jaw, 
is much deve- 
loped, and is very 
hard and bony. 
On its inner edge 
it is toothed like 
a saw, and this 
toothed edge „ , . . 

, . , Fjg. TOo.^'CTaynsh appendages' A.antcqnuieiaif, auailory 

works against the apening; B, anlenna ; «-, Itlul opcninir; /, Mtr; C, 

.... , mandiCle— ihc dislal ioml of Itic endopofu nDrmiUv liea 

Similar edge of imhegroovt^ : D, s«ond maxUla; », saphognuiuui 

its fellow. The E. »«™'i ■"«*'"?«'•■ O.h.rl..„rsa.l«fo«. 

endopodite is three-jointed and lies in the groove of the 
jaw. 

Third. This is the antenna. The coxopodite has on its 
ventral surface a small light-coloured projection, on the pos- 
terior side of which is the aperture of the Renal Organ. 
The basipodite bears endopodite and exopodite. The former 
consists of two proximal joints, and a long many-jointed feeler. 
The latter is an undivided triangular pyramid, with a very 
sharp apex directed forward. It is called the Scaplioosrite. 

Second. This is the antennule. The protopodite consists 
of three joints. On the dorsal side of the proximal joint is 
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the opening of the Auditory Organ^ covered with short setae. 
The endopodite and exopodite are many-jointed filaments. 

First. This is the eye-stalk. It consists of a two-jointed 
protopodite, carrying the eye at its free extremity. 

6. The Oills^ or Branchiae. 

Six pairs of branchiae, the Podobranchise^ have been 
already described, attached to the epipodites of the appendages 
from the second maxillipede to the third ambulatory leg in- 
clusive. Turn towards the ^ventral surface all the branchiae 
on a side from which the branchiostegite has been removed, 
and return them in succession, noting their points of attach- 
ment in each case. 

(a) One Pleurobranchia attached to the epimeron above 
the fourth ambulatory leg. In front of this are two or three 
rudimentary pleurobranchiae represented by small bars, 

ip) Two Arthrobranchise attached to the articular 
membranes of each appendage from the third ambulatory leg 
to the third maxillipede inclusive, and one to the second 
maxillipede, making eleven in all. 

{c) Six Podobranchise, already described. 

There are thus eighteen pairs of branchiae in all. The 
blood circulates through the branchiae, and in them is separated 
from the surrounding water only by an extremely thin mem- 
brane. Through this the gases in the blood and water diffuse, 
the net result being a loss of carbon dioxide from the 
blood to the water, and a gain of oxygen from the water to 
the blood. The respiratory current of water under the 
branchiostegite over the gills has been described. If that 
portion of the branchiostegite which covers the scaphognathite 
be removed from a living crayfish, the latter will be seen 
sculling out the water, and thus keeping up the current through 
the cervical canal 

General Internal Structure, 

One crayfish should be used to gain a general knowledge 
of the internal anatomy before the systems are studied in 
detail. Use an animal which has lain in alcohol for some 
days. 
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7. Pin out the crayfish in water, dorsal side uppermost, 
and with a pair of scissors cut away the exoskeleton from that 
side, inserting the point of the scissors first underneath the 
posterior ends of the branchio-cardiac grooves and cutting 
forward to the rostrum. Remove this piece of the carapace, 
and, turning the animal round, continue the longitudinal cuts 
to the telson, removing the terga as they are freed. Be 
extremely careful that the point of the scissors does not injure 
any of the organs lying below the exoskeleton. Cut now 
through the membranes covering the thorax, reflect or remove 
them, and thus expose the Pericardial Sinus. In this 
note — 

(a) The Hearty a polygonal organ with thick muscular 
walls. It is held in position by three pairs of fibrous bands, 
the Alse Cordis, which pass from it to the walls of the sinus. 
On its exposed dorsal side will be seen two oblique valvular 
slits, called Ostia; through these and two other pairs not 
apparent in this position it receives blood from the sinus. 

(p) The blood passes out from the heart through Arteries. 
These are difficult to see in the fresh state, but in alcohol 
material they are very plain. From the anterior end of the 
heart passes a median Ophthalmic Artery^ which goes 
straight forward in the median line over the stomach, and a 
pair of Antennary Arteries arising close to the origin of the 
ophthalmic artery and passing forward one on each side of 
the stomach. From the posterior end of the heart arises the 
Dorsal Abdominal Artery, passing backward in the middle 
line and lying on the intestine. 

(c) Cut this through a short distance from the heart, reflect 
it over the heart, and see the origin of another large artery, 
the Sternal Artery, which goes vertically downward, some- 
times to the right, sometimes to the left of the intestine, to the 
ventral side of the body. 

{d) Cut through the sternal artery close to the heart, 
cautiously lift up the posterior end of the heart, and reflect it 
forward until the points of attachment of another pair of 
arteries, the Hepatic Arteries^ are seea These arise below 
and somewhat behind the origin of the antennary arteries. 
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{t) Note now two other pairs of ostia, one pair ventral, the 
other lateral. Remove the heart from the pericardial sinus 
and keep it for more detailed study. There is now exposed 
in the middle line — 

{/) If the animal is a male, the Testis, a large organ 
bilobed in front, but with a single lobe behind. From about 



Fig. 170.— Median tongitadinal nction throuih a msls ciayfi&h. Natural lis. a, anus ; 
CO, cardiac osiicle; dji, dinjal abdoDiuial anery; h, heart: k.g. hiiut-Eul; li, 
kidngri la, .ta.'Dnm; IL liver; m^, mid'guti h.c. nerre chain; o.a, opRthalmic 
•rtery ; >j, pyloric oincle i >A prepyloric ossicle i f.t, plcrocanliac omicle ; f.a.c, 
paia-tEiophageal coDiiectiTe 1 1, stamach i t«t, uipia<c»pliageal KanEliaa ; s.g, sub- 
teuidiageal ganglion ; 1^ itemal artery ; I, testis ; v-d, vas defenns 1 h.c, urocardiac 
osaicle i v-a, veolrHl abdoninal anery i v. lyKOCaidiac ossicle. The right para- 
<Eiophageal CO -— ■- ■ 



the middle, on each side, arises a Vas deferens, a very long 
convoluted tube which opens to the exterior on the coxopodite 
of the fourth ambulatory leg. 

(f) If the animal is a female, the Ovary, very similar in 
shape to the testis. From the ventral side of each half arises 
a short wide tube, the OTiduct, not visible at this stage, 
which opens to the exterior on the coxopodite of the second 
ambulatory leg. 

( h) To the right and left of the sexual organs, and extend- 
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ing beyond their anterior limits, are the lobes of the Digestive 
Gland; or Liver^ a profusely branched organ of a dark colour. 

8. Anterior to the thorax, the cephalic cavity is mainly 
occupied by the Stomachy a large organ which is only 
separated from the carapace by the muscles attached to it 
Remove the muscles from the roof of the stomach, noting 
their points of origin and insertion. The chief are — 

(a) The Anterior and Posterior Gastric Muscles, 
having their origins in the carapace and inserted, the former 
on the Cardiac Ossicle, a broad transverse bar crossing the 
middle of the dorsal side of the stomach, the latter on the 
Pyloric Ossicle, a similar but narrower bar posterior to 
the cardiac ossicle. From the cardiac to the pyloric ossicle 
extends the Cardio-pyloric Muscle. On each side note 
the broad ends of the Mandibular Muscles, which have 
their origin in the carapace above, and are inserted on the 
mandibles. 

{b) The roof of the stomach is now exposed, and it is seen 
to be a large chitinous bag, transparent over great part of its 
surface, but ossified and opaque in parts. 

9. Posterior to the thorax is the Abdomen. Note on 
each side, immediately beneath the terga of the abdominal 
segments, a long and powerful muscle, the Extensor 
Abdominis, running the whole length of the abdomen and 
passing forward into the thorax to its origin in the body-walL 
Remove this muscle, and note beneath, in the middle line, the 
dorsal abdominal artery lying on the intestine. 

10. Nearly the whole length of the digestive tract is now 
exposed. Three well-defined regions can be distinguished. 

{a) The Stomatodceum, or Fore-gut, consisting of the 
CEsophagus and Stomach. The stomach is readily seen 
to consist of a larger anterior portion, the Cardiac Chamber, 
and a smaller posterior portion, the Pyloric Chamber^ the 
two being separated by a constriction. The chitinous lining 
of the fore-gut is continuous with the chitinous external 
covering of the body. 

ip) The Mesenteron, or Mid-gut This is very short, 
and shows a dorsal dilatation, the Caecum. The wall of the 
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mid-gut has no chitinous lining. On each side of it are the 
openings of the Bile-ducts which pour into the digestive 
tract the secretion of the digestive gland (liver). 

(r) The Proctodcduniy Intestine or Hind-gut^ runs 
straight from the mid-gut to the Anus. It has a chitinous 
lining, and its inner surface shows, even from the outside, 
white ridges, which wind round it in a steep spiral and are 
covered with white papillae. 

11. Cut through the bile-ducts nearly close to the mid- 
gut and remove the liver on both sides. Cut through the 
oesophagus close to the stomach, being extremely careful not 
to injure any of the nerves around the gullet, and remove the 
whole digestive tract Keep this for more detailed study. 

(a) On the floor of the cavity thus laid clear note the very 
powerful Flexor Abdominis Muscles originating in the 
body-wall, and passing back to their attachments in the sterna 
of the abdominal segments. In the angle where they meet 
passes down 

{b) The Sternal Artery to the Sternal Sinus^ at the 
point of entrance to which it gives off a branch. The main 
artery runs forward in the sternal sinus, the branch, which is 
the Ventral Abdominal Artery^ runs backward to the 
telson. 

{c) In the anterior portion of the cephalic cavity, on each 
side, is a large thin-walled sac. These are the Ureters which 
open to the exterior on the basal joints of the antennae. Each 
ureter collects the secretion of the Renal Organ (Kidney^ 
or Oreen Oland), a light-greenish glandular mass lying 
beneath it 

12. Remove the flexor abdominis muscles down to the 
telson. By this means the abdominal portion of the nerve- 
chain will be exposed. In the thorax the nerve-chain will be 
seen entering the sternal sinus together with the sternal artery, 
the latter passing below the nerve-chain between two of the 
connectives. 

The sternal sinus is formed by the ingrowth of calcified 
cuticle from the sterna and inter-articular bars of the thoracic 
somites. 



I ■ 
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Cut away very carefully the roof of the sinus and so expose 
the thoracic portion of the nerve-chain. Remove carefully the 
sacs of the green glands, and the whole nerve-chain is now 
visible. Trace it from before, backwards, and note the 
following parts : — 

(a) A large Pre-cesophageal Oanglion in the middle 
line just below and between the bases of the eye-stalks. From 
this nerves can be readily traced entering the eye-stalks, 
antennules, and antennae. 

(p) Leaving it behind, and passing backward, is a pair of 
large connecting nerve-trunks, the Para-OBSophageal Con- 
nectives^ passing one on each side of the oesophagus. On 
each connective is a ganglionic swelling by the side of the 
oesophagus, from which nerves are given off to the oesophagus 
and other parts. 

{c) Another pair of much smaller nerves leaves the pre- 
oesophageal ganglion, and unites in front of the oesophagus 
with two pairs of nerves from the para-oesophageal ganglionic 
swellings to form a single trunk. This passes upwards as the 
Anterior Visceral Nerve, and supplies the stomach. 

{d) Immediately behind the oesophagus the para-oesophageal 
connectives are connected by a narrow transverse commissure. 
Further back they unite to form the Post-OBSOphageal 
ganglion, from which nerves supply the appendages of the 
segments from the fourth to the eighth inclusive. 

(e) Six Thoracic Ganglia follow, the first immediately 
behind the post-oesophageal ganglion, the next four with wider 
intervals between them. They are united by paired connectives 
which are, however, in close contact with each other except 
between the fourth and fifth, where the sternal artery passes 
between them. The fifth and sixth are close together. Each 
ganglion supplies its own segment with nerves. 

(/) There are six Abdominal Oanglia, also united by 
paired connectives. The sixth, which is the largest, supplies the 
telson as well as the twentieth segment 

(£) The sixth abdominal ganglion also gives off a nerve, 
the Posterior Visceral Nerve, which turns forward and runs 
along the surface of the intestine. 

s 
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13. Remove the nerve-chain, and thus expose the sternal 
and ventral abdominal arteries. 



The Respiratory System. 

14. Examine one each of the three kinds of branchiae. 

(a) The PleurobranchisB and ArthrobranchisB consist 
of simple hollow Branchial Filaments, in which the blood 
is aerated, attached to the outer side of a central axis, in which 
are afferent and efferent blood-vessels which communicate with 
the cavities of the branchial filaments. 

{b) The Podobranchiae are not so simple in structure. 
The epipodite, to which each is attached, is long, corrugated 
over its distal surface, and folded on itself. The outer surface 
and edge carry the branchial filaments. 

The Circulatory System, 

15. The blood, aerated in the branchiae, passes through 
channels between the epimera in the walls of the thoracic 
cavity into the pericardial sinus, and thence through the six 
pairs of ostia into the heart. The contractions of the heart 
drive the blood into the arteries, the valvular lips of the ostia 
preventing its return to the pericardial sinus, and by the arteries 
it is carried all over the body. 

The ophthalmic artery supplies the eyes and other portions 
of the fore part of the head ; the antennary arteries supply the 
stomach and muscles adjacent to it, the kidneys, and the an- 
tennae; the hepatic arteries supply the liver; the superior 
abdominal, the dorsal region of the abdomen; the sternal 
artery gives off a branch to the sexual organs, and supplies 
also the sternal region of the thorax and the appendages from 
the last thoracic up to the mouth ; and the ventral abdominal 
artery supplies the ventral side of the abdomen. 

The arteries divide and subdivide into smaller and smaller 
tubes, the smallest of which are called Capillaries, and from 
the capillaries it floods the tissues to which they are supplied. 
In the vertebrate animals the capillaries are united again into 
Veins, which return the blood to the heart In the crayfish 
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there are no veins, but from the various tissues the blood passes 
into irregular spaces (sinuses) in various parts of the body, and 
eventually finds its way to the sternal sinus, wlience it passes 
to the branchiae. 

The blood is a colourless fluid holding in suspension 
colourless amoeboid corpuscles. 

The Digestive System. 

16. The food, which is seized and torn by the chelse, is 
passed to the jaws, whose side-to-side motion further i;educes 
it. The mouth is bordered in front by a flat plate, the 
Labmm, behind by the metastoma. The gullet is short, and 
during life is constricted so as to close the passage except 
when food is passing. 

Within the stomach is another apparatus, the Oastrio 
Mill, for grinding the food. Examine the stomach first from 




Fig. 17J — Stomach of crayfish. A, the oisides from abovei B, from belowi C, lonji- 
tudiaa] Kction. f, cardiic osaicle ; i*, csKuin; f, position irfgastrolithi HjI, A\Kt 
of digestive ^land i f^t fon-^t i M.o, mid-eut t h.g, hind-EUt ; at, <ESapha£us i 
/, fiylorie omclei f.c, plerwardiic ossiclei p.p, prepyloric osscli; Hi, uiocai- 
diac osskle ; tc, lyjocardiac ossicle. (Morgan.) 

the outside, then cut away the anterior and ventral portions 
and examine the inside, and finally make a vertical longitudinal 
section through the gastric mill. 
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This is formed mainly of four median, and two pairs of 
lateral ossicles. The Cardiao Ossicle^ whose posterior por- 
tion is strongly calcified, is connected with the Pyloric 
Ossicle by two other median ossicles, both of which slope 
downwards and backwards to meet at an acute angle below 
and behind the pyloric. The more anterior, the Urocardiac^ 
is attached to the cardiac in firont ; the more posterior, the 
Prepyloric, is attached to the pyloric and carries below, where 
it meets the urocardiac, a large, hard, bifid tooth. The con- 
traction of the anterior and posterior gastric muscles separates 
the cardiac and pyloric ossicles, and by so doing depresses and 
pushes forward this tooth. Hinged to the cardiac on each side 
is a small lateral ossicle, the Pterocardiac, and to the pyloric 
on each side another, the Zygooardiac. Each zygocardiac 
bears on its inner edge a row of teeth, which are situated below 
and in front of the prepyloric tooth. The same cause which 
depresses and advances the prepyloric tooth brings the zygo- 
cardiac teeth together in the middle line, and these three 
grinding surfaces act in such a way that the prepyloric tooth 
forces the food between the toothed margins of the zygocardiacs. 
The student should imitate these movements by pulling the 
cardiac and pyloric ossicles apart 

During the summer months a deposition of lime salts takes 
place in two flat plates on the sides of the stomach. These 
are Gastroliths. They disappear during ecdysis. 

At the entrance of, and in the pyloric chamber, there are 
plates fringed with coarse hairs, which act as strainers and 
prevent any but finely comminuted food from entering the 
mid-gut. 

The chitinous layer is not continued over the inner surface 
of the mid-gut Here the lining membrane is epithelial Into 
it on each side opens the duct of the digestive gland. The 
secretion of this gland is a yellow fluid containing a ferment 
which converts insoluble proteids into peptones, another which 
converts starch into sugar, and in addition it emulsifies fats. 
It thus fiilfils the functions of the secretions of the stomach, 
liver, and pancreas of higher animals. 
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The Excretory System, 

17. Nitrogenous waste is excreted by the kidneys or green 
glands. The gland itself is an extremely long convoluted 
tube, the end of which, the ureter, is much expanded and 
opens to the exterior, as already described. The secretion of 
the kidneys holds large quantities of uric -acid in solution. 
Pass a bristle tipped with sealing-wax into the sac of the gland 
from its opening on the basal joint of the antenna. 

Organs of Special Sensation, 

18. The Eye. Its position has already been noted. Cut 
thin surface sections from the outer transparent limiting layer, 
the Cornea, and note under the microscope that it is divided 
up into, at the sides square, and in the centre hexagonal, 
facets. Halve the eye longitudinally, and examine with a hand 
lens the structures lying immediately beneath the cornea. 
Tease out these structures, in normal salt solution if fresh, or 
in alcohol if alcohol material ; examine with low and high 
powers of the microscope, and follow as far as possible the 
following description : — 

{a) The cornea is a continuation of the cuticular covering 
of the body. It is divided up into facets, each of which is 
approximately a plano-convex lens, the slight convexity being 
on the inner side. 

{b) Each facet of the cornea is at the base of a pyramid, 
all the Crystalline Pyramids lying along the radii of the 
sphere of which the eye is a segment. The outer ends of the 
crystalline pyramids are optically isolated from each other by 
pigment 

{c) The narrow apices of the crystalline pyramids widen out 
again into fusiform structures, which are striated transversely 
and are on that account called Striated Spindles. These 
are also imbedded in pigment. 

{d) These are succeeded by the fibres and ganglionic cells 
of the optic nerve, which also lie in pigment 

From this description it will be seen that the eye of the 
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crayfish is compound. The nature of vision by such an eye is 
not well understood. From the structure of the crystalline 




pyramids, it is clear that only rays of light which are parallel 
or nearly parallel to the axis of a pyramid can reach its apex. 
It follows, therefore, that for each corneal facet to form the 
image of an object at or beyond the apex of its pyramid the 
object must be so far away or so small that the rays of light 
from it are approximately parallel. And it may be the case 
that images of distant objects are formed by the few facets in 
the direct line of sight. We know that many animals with com- 
pound eyes have keen far sight But it is probable that each 
corneal facet receives rays of light from, and forms an image 
of, a very limited portion of an object near the eye. It is true 
that each such image is an inverted one, and that the image of 
the whole object is a mosaic of inverted fragments, but each 
fragment is extremely small, so that the Image is not much 
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distorted. Swiftly moving, far-seeing animals with compound 
eyes are also supplied with simple eyes for near objects. 

19. The Auditory Organ. This is in the basal joint of 
the antennule, the opening on its dorsal surface being guarded 
with thickly set plumose hairs. Cut along the angles, right 
and left, of the dorsal surface of this joint and remove it. 
With this surface will come away the Auditory Sac, which 
is a transparent chitinous bag continuous with the cuticular 
covering of the body, being in fact a simple pouch of it. 
Grains of sand will be found in the sac. Syringe these out. 
Cut round the lips of the sac and so free it from the antennule. 
Slit it up, spread out its inner surface, mount in water, and 
examine with a high power. Note — 

(a) The Auditory Setas^ which are almost simple hairs 
on the inner side of the sac arranged in parallel lines. Each 
hair is seated on a bulbous enlargement, into which enters — 

(^) A branch of the Auditory Nerve. This nerve divides 
up on the outer surface of the sac, and sends a branch into 
each sensitive seta. 

Sound-waves produced in the water by concussion pass 
into the auditory sac, and, setting in motion the grains of sand 
amongst the setae, produce the sensation of sound. 

20. Olfactory Setae are found on the ventral side of 
some joints of the exopodite of the antennule. Each seta is 
two-jointed, the outer joint being flattened and swollen towards 
the end. 

21. Tactile SetaB are found on various portions of the 
body. 

Reproduction, 

22. The mother-cells of the non-motile Spermatozoa 
line the cavities of the lobules of the testis. The spermatozoa 
are nucleated cells with long curved processes. They pass, 
on liberation, into the ducts which lead to the vas deferens, 
where they become aggregated into cylindrical masses by a 
viscid secretion of the tube. 

Squeeze out the contents of a vas deferens during the 
breeding season, and examine it with a high power. 
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of the ovary. The central cell of each becomes an Ovum, 
growing at the expense of the surrounding cells, which 
form an investment The ovisac bursts, the ovum is set 
free, and passes into the oviduct, where it is coated with a 
tough stalked membrane, by which it becomes attached to 
the swimmerets and ventral suiface of the abdomen of the 
female. In this position they may be found in great numbers 
in the spring, and heie they pass through the first stages of 
their development 

In order to consolidate his knowledge of the anatomy of 
the crayfish, the student should now make a dissection to the 
middle line Irom the side, and note the relative positions of 
the organs as shown in Fig. 170, 
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CHAPTER XVII. 

THE COMMON GRASS FROG (RAN A TEMPORARTA). 

Two species of frogs inhabit this country — the common 
Grass Frog (Rana temporaria), and the Edible Frog {Rana 
esculenta), the former very common and abundant everywhere, 
the latter confined to a very few localities in the eastern 
counties. Rana esculenta is the more common species on the 
continent, and, because it is the larger, is the more convenient 
for dissection ; but on account of the greater ease in obtaining 
Rana temporariay that species is described here. Most of the 
statements respecting the anatomy of the one will, however, 
apply with equal force to the other. 

In their mode of life frogs are amphibious. In the spring 
they gather in large numbers in ponds and streams to breed. 
Here the female discharges her eggs, the male fertilizing them 
as they emerge. Later, both sexes leave the water and live 
on land in damp and shady places, only taking to the water 
for food or to escape from pursuing enemies. On the approach 
of winter, they bury themselves in numbers in the mud at the 
bottom of the water, where they pass through their period of 
hibernation to awake ready for breeding on the approach 
of warm weather. 

The frog is a voracious animal feeder, the smaller land and 
water animals, such as slugs, worms, beetles, etc., being greedily 
devoured. During the summer it becomes in good condition, 
storing up large quantities of fat, which is consumed during 
the winter sleep, from which it arouses lean and hungry, the 
female, however, swollen out with eggs. 

The eggs are uncared for by the parents, and are hatched, 
without their intervention, by the heat of the sun. The well- 
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known tadpole is first produced from the egg, and this by 
gradual metamorphosis becomes converted into the frog. 
During the whole of its life, from the time of its first 
emergence from the egg, it is a prey to rapacious enemies. 
Many fish eat it greedily, the pike and eel especially finding 
it a tempting morsel, and not a few birds esteem it highly and 
are eager to make a meal of it. 



The tadpole breathes by means of branchi^, but the frog, 
on the completion. of its metamorphosis, is an air-breather by 
means of lungs, and immediately leaves the water to roam 
about on land. Nevertheless, during the whole of its life the 
skin functions as an organ for the absorption of oxygen and 
the elimination of carbon dioxide. For this purpose it is well 
supplied with blood-vessels, the blood in which, as in branchiae, 
is only separated from the air ^r water in contact with it by 
a thin membrane, through which diffusion readily takes place. 
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The frog usually propels itself both on land and in water 
by the simultaneous extension of its very muscular hind legs. 
On land this results in a leap; in water, because the feet are 
webbed, the result is swimming. It can also float on water. 
It does not, as a rule, willingly completely immerse itself for 
any length of time, except at the period of hib,emation. 

The frog may be most conveniently killed by placing it 
in a closed space with a piece of cotton wool saturated with 
chloroform. 

1. Have ready living and freshly killed frogs. Place others 
in alcohol, and one or two should be kept in a quarter per 
cent, solution of chromic acid for a few days before being placed 
in alcohol. 

Study the external characteristics of the living and dead 
frog. Note its head and trunk, no neck being visible, and 
a pair of fore and hind limbs. Its skin is moist, the yellow 
ground colour is overlaid by much darker areas, and particu- 
larly noticeable are two large dark brown patches, one behind 
each eye. These are specific characters, and because of their 
constant presence in the temporal region of the head of this 
species, Rana temporaria has acquired its specific name. 
The ground colour is not Constant in tint. It becomes darker 
if the frog be kept in a dark place, and lighter if it be exposed 
to light. This change is brought about by the alteration in 
shape of certain pigment corpuscles in the skin, and is not 
the effect of the direct action of light on the corpuscles them- 
selves, but is caused by the action of light through the eye 
and nervous system. The temporal markings partly overlie 
rounded drumlike spaces with harder rims. These are the 
Tympanic Membranes which cover the cavity of the 
external ear. 

2. The fore limbs are short, and consist of Brachium 
or Upper Arm, Antibrachium or Fore Arm, and Manus 
or Hand. The manus has four Digits, which are not webbed. 
In its natural position of rest, the antibrachium is bent inwards 
so that the fourth or outer digit is anterior. 

The hind limbs are much longer than the fore limbs. Each 
consists of Femur or Thigh, Crus or Shin, and Pes or 
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Foot. The part of the pes which corresponds to the ankle 
in man is very much elongated, so that it forms a distinct 
section of the leg. It carries five long Digits, which are 
webbed, but nothing in the shape of nails are found either on 
them or on the digits of the fore legs. And nowhere on the 
skin of the frog is found any form of Exoskeleton. The 
femur in the position of rest is thrown forward, making an 
acute angle with the body axis, and all three parts of the 
hind legs are bent upon each other in the form of a capital Z. 
Within the limbs can be felt the appendicular portions of the 
EndoskeletoxL 

3. There are four openings from the exterior to the interior 
of the body, two median and two lateral. The anterior 
median opening is the wide gape of the Mouth, the posterior 
is the Cloacal Aperture, which is the external orifice of a 
vestibule, into which open the alimentary canal, the renal 
organs, and the sexual reproductive organs. The lateral 
openings are the External Nares; they lie on the ridges 
passing from the eyes to the mouth, and are the external 
openings of a pair of short canals which pass downward and 
slightly backward to the roof of the mouth. They, therefore, 
also lead into the digestive tract, of which they are supple- 
mentary openings. Pass a bristle through the nostrils, and 
note its emergence from the Internal Nares into the cavity 
of the mouth. 

Open the mouth widely, and note at the back two open- 
ings—one ventral, slit-like and vertical, the Glottis, opening 
to the Larsrnx which leads to the lungs ; the other above the 
glottis. This is irregularly shaped, and is the opening to 
the (Esophagus, or Gullet, leading to the stomach. 

Decapitate a frog, which has been hardened in a quarter 
per cent chromic acid, by a clean cut about one-eighth of an 
inch behind the tympanum. Study the glottis and the opening 
of the oesophagus, which are now very accessible. Note 
especially that in the frog there is no angle between the oral 
cavity and the larynx and oesophagus. Entirely remove the 
floor of the mouth, and examine anew the internal nares. 
Make a small hole in the tympanic membrane, and pass a 
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bristle into the mouth cavity through the Eustachian Tube. 
Note that there are no teeth in the lower jaw, and that those 
in the upper jaw are distributed along the maxillary bones at 
the edge of the mouth and on the vomers in the roof of the 
mouth. Their points are turned backward, and they are not used 
for chewing food, but for preventing the escape of living prey. 
Examine the tongue, which is attached in front, but bifur- 
cated and free behind. 

4. When in the position of rest there is a hump about the 
middle of the back. Anterior to this, the separate Vertebrae 
of the Vertebral Column may be felt beneath the skin. The 
hump is caused by the projection of the long Iliac bones, 
and disappears when the animal is stretched at full length. 

5. In a living frog at rest the following movements may 
be seen : — 

(d) The nostrils are opened and the floor of the mouth 
depressed whilst the mouth is filling with air. The nostrils 
then close, and the distension in the floor of the mouth slowly 
disappears, the air in the mean time being forced into the 
lungs through the glottis. During this time the sides of the 
animal are being slowly distended. The mouth acts as a 
pump to fill the lungs; their own inherent contractility and 
elasticity, as well as that of the walls of the body cavity, expel 
the air again when the pressure is removed. This is the 
operation of breathing, which goes on continuously so long as 
the frog is in the air. 

{b) Slight pulsations on each side of the vertebral column 
above and anterior to the cloacal aperture. These are the 
contractions of the posterior lymph-hearts. 

The Endoskeleton. 

6. The Skeleton of the frog, with the bones connected in 
their natural positions, may be prepared by dissecting away as 
much as possible of the soft parts of the animal, then mace- 
rating the remainder in water until the rest of the soft portions 
readily come away on brushing with a moderately stiff brush. 
Hot water must not be used, or the bones will lose their con- 
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nections with each other. A good plan in spring is, after the 
viscera and so much of the muscles as possible have been 
removed, to suspend the frame in water with plenty of living 
tadpoles in it. These will clean it thoroughly in a few days. 
The disconnected bones should also be obtained by prolonged 
boiling in water. 

The Elementa of the Skeleton are of three kinds — 
True Bone, Calcified Cartilage or Cartilaginous Bone, 
and Hyaline Cartilage. The positions of these elements 
in the skeleton will be pointed out in the detailed description. 
The skeleton consists of two parts— the AxloX portion, 
which forms the bony case for Ihe cerebrospinal axis, and the 
Appendicular portion. 

7. The Azitd portion of the skeleton consists of — 
i. The Cranium. To the cranium are attached 
ii. The Bones of the Faoe, which constitute with 

it the Skull, 
iii. The Vertebral Column, 
i. The Cranium encloses the brain, which is in imin- 
temipted connection 
with the spinal cord 
through the Foramen 
magnum (Occipital 
Foramen). 

{a) Looking at the 
posterior aspect of the 
cranium, the foramen 
magnum is formed by 
two bones, the Ezoooi- 
pitals, whose cartilagi- 
nous extremities meet 
in the middle line above 

Fic i;9 SkufE of fiat, seta fiom abova. Pmx. • > ■ .. r 

webiMiiiai?: tfa,<asa; j.ft spW.hmoid ; and bclow the forameu. 

A^Q7^^r^]^JiT^\^J.,^u F.O, Each exoccipital has a 

..occipiBi. (M«sh^.) smooth rounded process. 

the Occipital Condyle, below and outside the foramen 

magnum, which articulates with a corresponding depression in 

the atlas bone, the first bone of the vertebral column. 



f 



The Common Grass Frog 271 

{b) The Pro-otic bones complete the boundary of the 
brain-case behind, and extend some distance up the sides. 
They lie one on each side of the exoccipitals. In the angle 
between the pro-otic and exoccipital of each side, at the upper 
side of the occipital condyle is the foramen, through which 
passes the Vagus Nerve. Outside this is the Foramen 
Ovale^ closed by a membrane. This limits on the outer side 
the cavity of the internal ear, which lies in the pro-otic bone, 
being partially bounded, however, by the exoccipital. Trace 
the anterior arm of the pro-otic from the under side of the 
cranium. It forms but a small portion of the lateral wall of 
the brain-case, the remainder being wholly cartilaginous. In 
this portion will be seen the large foramen through which 
passes the Trigeminal Nerve. 

{c) The floor of the cranium is formed by the Parasphe- 
noid^ a dagger-shaped bone with a long "blade," a short 
" handle," and two transverse processes which lie beneath the 
pro-otics. Right and left of about the middle of its anterior 
process are the large Optic Foramina. On removal of the 
parasphenoid it is found to underlie the plate of cartilage 
which closes in the brain-case at the sides. 

{d) The roof of the cranium is formed by the Parieto- 
frontal bones. They are long bones which meet at a suture 
in the median line. These also overlie cartilaginous plates. 

{e) The front of the cranium is occupied by the Sphe- 
nethmoid^ or girdle bone. Behind, this is overlapped by the 
anterior edges of the parieto-frontal bones. The anterior 
portion of the sphenethmoid is hollowed out to form canals 
for the Olfactory Nerves, and this bone, with the nasal 
cartilage, encloses the Nasal Cavities. 

ii. The Bones of the Face. 

{a) In connection with the outer edge of the pro-otic bone 
on each side are two bones. The upper is the Squamosal. 
It is a small bone with an anterior free pointed, a posterior, 
and a lateral process, the latter articulated with the upper 
outer edge of the pro-otic. 

{b) Underlying the squamosal, and roughly of the same 
shape but larger, is the Pterygoid. The middle lateral 
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process of this bone is attached to the outer and under side 
of the pro-otic by the cartilage of the Sospensorium, along 
u the under sur- 

face of which 
the posterior 
process lies. 
Its anterior 
process forms 
the outer side 
of the Orbit, 
running for- 
ward to the 

Flc. 17&— LUcral view of froe'i ^ull. D, mandible \ PM, pn- palatine and 
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; The 
sorial cartilage 
thus lies between the squamosal and pterygoid bones- 

(4 To the posterior extremity of the suspensorium is 
attached a small bone, the Qnadrato-jitgal, whose anterior 
extremity is attached to the maxilla. 

The lower jaw is articulated with the posterior extremities 
of the suspensorium and the quadrato-jugal bone. 

{£) The Mazillee are long curved bones attached behind 
to the quadratojugals, and in front to the premaxillaiy bones. 

(«) The Fremaxlllary bones close the contour of the 
skull in the median line in front. Each has a small ascending 
process which attaches it to the nasal cartilage. Both maxil- 
lary and premaxillaiy bones bear teeth. 

(/) The Nasal bones are fiat triangular plates, which lie 
upon the nasal cartilage. Their posterior extremities pass 
backwards and outwards to the maxillEe. 

(f) The Vomer bones lie beneath the nasal cartilage. 
They are irregularly shaped, and bear teetL 

(h) The Palatine bones pass irom the anterior extremity 
of the parasphenoid outwards to the maxillae. Their outer 
extremities lie beneath the outer extremities of the nasal 
bones. 

it) The Mandible bounds the contour of the floor of the 
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oral cavity. It consists of two arched compound bones, joined 
in the median line in front by ligament Each arch is com- 
posed partly of bone and partly of cartilage. 

(y) The Hyoid is cartilaginous in the frog. It is flat, 
thin, and shield-shaped, with two very long anterior, and two 
shorter posterior processes (cornua). It lies in the floor of the 
mouth, and serves as attachment for various muscles. Its 
anterior cornua pass backwards and upwards to their attach- 
ment to the pro-otic bones. The Larynx lies in the angle 
between the posterior cornua. 

iii. The Vertebral Column consists of nine true Verte- 
br8B and the long Urostyle. 

As an example of one of the vertebrae, examine the fifth in 
detail It consists of a thick strong Body on its ventral side, 
somewhat compressed from above downwards, and a convex 
Arch which rises laterally from it and completes the ring 
enclosing the spinal cord. The arch has three processes on 
each side, and one median process. 

The Body of the Vertebra has a depression coated with 
cartilage on its anterior side, into which fits a corresponding 
articular head on the posterior side of the fourth vertebra. On 
its own posterior surface there is an articular head covered 
with cartilage, which articulates in a depression on the anterior 
surface of the body of the sixth vertebra. 

The Arch is bony, and is not so wide from front to back 
as the body. In consequence of this, whilst the bodies of the 
vertebrae are in close contact one with another, the arches are 
not so. The processes of the arch are — 

{ct) A median short spine, which is pointed and projects 
backwards. It has an epiphysis of cartilage. 

{b) Two pairs of lateral articular processes, which project 
horizontally forwards and backwards. Their extremities bear 
cartilaginous surfaces, on which articulate the corresponding 
processes of the fourth and sixth vertebrae. 

(r) A pair of long transverse processes, which project hori- 
zontally outwards and have cartilaginous epiphyses. 

The first vertebra, the Atlas bone, has two articular 
depressions in front, in which articulate the occipital condyles. 

T 
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It has no transverse process. The transverse processes of the 
second, third, fourth, and ninth are the longest On the 
transverse processes of the ninth the heads of the iliac bones 
articulate. The. body of the eighth vertebra has no articular 
head on its posterior surface. It has instead a depression, 
into which fits a corresponding head on the anterior surface of 
the body of the ninth. 

The Urostyle extends from the ninth vertebra, with which 
it articulates, to near the cloacal aperture. There is a sharp 
ridge on its dorsal side. It is hollow in its anterior portion, 
where its wall is perforated on each side to allow the tenth 
spinal nerve to emerge. 

8. The Appendicular portion of the Skeleton. 

i. The Sternum. 

The frog has no ribs, and there is no bony or cartilaginous 
continuity between the bones of the fore legs and the vertebral 
column. The sternum, which is in the median line on the 
ventral side of the body, where it underlies the heart, consists 
of the following parts, enumerated from behind forwards : — 

{a) The Xiphistemum^ a thin cartilaginous plate with a 
deeply indented posterior border. 

{b) The Sternum proper, a bony rod, broader in front 
than behind. 

(c) The Epicoracoids, two narrow cartilages between the 
coracoids. 

(d) The Omostemum, a bony rod broader behind than 
in front 

{e) The Epistemum, a flat rounded plate of calcified 
cartilage, with a free border of hyaline cartilage. 

iL The Shoulder-girdle. 

Passing outwards, right and left, from the epicoracoids 
are — 

(d) Posteriorly, the Coracoids. Each is a bone with a 
larger flattened inner end, and a smaller rounded outer end. 
The outer end enters into the composition of the shoulder- 
joint, the inner is separated from its fellow of the opposite side 
by the epicoracoids. 

{p) Anteriorly, the Clavicles. Each is a narrow rod of 
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calcified cartilage, united by its inner small extremity witli the 
epicoracoid, and by its broader outer extremity with the 



(c) In grooves of the clavicles lie the P«oorftoold8, thin 
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rods of cartilage, stretching from the scapula to the epicora- 
coids. 

The outer extremities of the coracoids and clavicles are 
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joined by connecting cartilage, and to this b attached on each 
side the Scapula. 

(a) From this attachment the Scapula rises upward and 
slightly outward It is a flat angular plate of bone, wider at 
the ends than in the middle. Its lower posterior angle forms 
with the coracoid and connecting cartilage, the Glenoid 
Cavity, in which articulates the head of the humerus. 

{b) To the scapula is attached the Suprascapula. This 
is trapezoid in shape, of calcified cartilage, with free borders of 
hyaline cartilage, and is articulated with the scapula. It 
arches over the dorsal side of the body, the upper borders of 
the two bones of the opposite sides nearly meeting in the 
middle line over the vertebral column. 

ill Bones of the Fore Legs. 

{a) The Humerus is the bone of the upper arm. It is 
roughly cylindrical, with rounded articulating extremities covered 
with cartilage. The upper end articulates in the glenoid cavity 
and forms the shoulder-joint, the lower articulates with the 
bone of the fore-arm and forms the elbow-joint On the 
ventral surface of the bony shank is a long narrow ridge, 
the Deltoid Crest, forming the line of insertion of the deltoid 
muscle, which draws the limb forward. The lower portion of 
the humerus shows an interesting secondary sexual character- 
istic. In the female this part of the bone is cylindrical ; in 
the male a Medial Crest arises on the dorsal side and passes 
around to the elbow-joint on the inner side. On this crest 
arises one of the muscles which flex the fore-arm. 

{b) The bone of the fore-arm is the Radio-ulnar^ cor- 
responding to two bones, the radius and ulna, in man. The 
bone is grooved below, showing its compound character. Its 
upper extremity shows the cartilage-lined cavity into which is 
hinged the articulating process at the lower end of the humerus. 
Its lower extremity shows two processes, one belonging to the 
radius and the other to the ulna, which articulate with two of 
the bones of the wrist 

{c) The Wrist, or Carpus^ consists of two rows of three 
bones each. 

(d) The Metacarpus consists of five bones. The first, 
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that on the side of the radius, is hidden beneath the skin. In 
the male it is much larger than in the female. The others are 
about of equal length. 

(e) The Phalanges. The third and fourth fingers have 
each three phalanges, the first and second but two eacli. 

iv. Bones of the Pelvis. 

The bones of the hind legs are attached through the iliac 
bones to the vertebral column. The Pelvis is formed of three 
bones on each side, and each united to each in the median 
line. All three take part in the formation of the Acetabulum, 
the articulating cavity for the head of the femur. 

{a) The Ilium is broad behind where it unites with its 
fellow and takes part in the formation of the acetabulum. Its 
anterior portion is long and narrow, and is united by its ex- 
tremity to the epiphysis of the transverse process of the sacrum, 
or ninth vertebra. 

{b) The Ischium is an irregularly shaped bone forming 
the posterior portion of the acetabulum. 

{c) The Pubis is a triangular piece of calcified cartilage 
forming the ventral portion of the acetabulum. 

V. Bones of the Hind Legs. 

{a) The Femur, or thigh bone, is cylindrical, but slightly 
twisted. Its head is rounded and is capsuled into the aceta- 
bulum, from the hollow of which also passes a strong ligament 
to the head of the femur. Its lower extremity hinges on the 
shin-bone. 

{b) The Shin bone {os cruris), like the bone of the fore- 
arm, shows indications of a compound structure, making it 
comparable to the tibia and fibula in man. It has longitudinal 
depressions on both surfaces. Its upper extremity is grooved 
to hinge with the femur, its lower extremity articulates with 
the bones of the tarsus. 

{c) The Ankle or Tarsal bones are in two rows. The 
upper row consists of two long bones, the Astragalus and 
Calcaneum, with common epiphyses at either extremity, the 
lower of two small cartilage bones which support on the 
inner side of the foot what is supposed to be a rudimentary 
great toe. 
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{d) The Metatarsals are five long thin bones. They 
carry the phalanges at their extremities. 

{e) The Phalanges of the first and second toes are two ; 
of the third and fifth, three ; and of the fourth, four. 



General Internal Anatomy. 

9. Pin out a frog under water, with its ventral side upper- 
most One which has lain in alcohol for a few days will be 
preferable, as in that case the blood in the vessels will be no 
longer fluid. Lift up the loose skin on the ventral surface 
with forceps, and make a median incision from the pelvis to 
the mouth. Raise the flap of skin and note — 

(d) The thin partitions which divide up the sub-epidermal 
space into separate Lymph-Cavities. 

(b) The Cutaneous Vessels of the under surface of the 
skin. They are abundant and much branched, the branches 
converging towards the fore legs. 

10. Sever the connection of the skin with the body-wall, 
and either entirely remove the ventral portion or pin it back. 
The following muscles of the body-wall will now come into 
view, and may be studied here as representatives of these 
muscles in the fi"og : — 

(a) Two flat, thin, quadrangular Cutaneous-pectoral 
muscles, having their origin in the xiphisternum and passing 
forward to their attachment in the skin. 

ip) Beneath and in front of these, passing outward from 
their origin in the middle line of the sternum and abdomen, a 
group of Pectoral and Stemo-radial muscles. They are 
inserted on the bones of the fore legs. 

(c) In front of these, below the floor of the mouth cavity, 
the Submaxillary (Mylo-hyoid) muscles pass outwards 
right and left from the median line. 

(d) The Rectus Abdominis muscles, consisting of straight 
parallel fibres on each side of the median line of the abdomen. 
They are segmented by transverse constrictions. 

11. Dissect away carefully the submaxillary and the 
muscles which lie beneath them. This will bring into view 
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the hyoid cartilage. Its curved anterior horns may be seen 
curving backwards, and afterwards turning upwards to their 
attachment to the pro-otic bones, 

12. Make an incision in the wall of the abdomen a little 
on one side of the median line from the pelvis to the sternum, 
taking care not to injure any organs underneath. Make a 
similar incision the same distance to the other side of the 
median line, and lift up the strip remaining. Underneath it 
is a large vessel, the Anterior Abdominal Vein. Dissect 
this carefully from the wall of the abdomen and remove the 
strip of tissue. Lift up the edge of the sternum, and note 
beneath it the Heart in its own membranous bag, the Peri- 
cardium, attached by folds of membrane to the upper surface 
of the sternum. Release this, and then continue the longitudinal 
cuts through the sternum with a pair of strong scissors, 
removing the centre piece thus set free. Stretch out widely 
the fore legs and pin them out Note the organs which are 
now exposed in the Pleuro-peritoneal Cavity (Coelom; or 
Body Cavity). 

{a) The Liver, consisting of two lobes. The left is the 
larger and is deeply constricted. 

(p) Behind the liver are the Intestines, a much-coiled 
tube. 

(c) In the posterior portion of the coslom is the Bladder, a 
large, bi4obed, thin-walled bag. If not distended pass a blow- 
pipe into the cloaca and distend it with air. 

(d) The lining membrane of the body cavity, the Peri- 
toneum, is continued from the mid-dorsal region over the 
orgians projecting into the coelom, forming thus a thin membrane, 
the Mesentery, which suspends the viscera and through 
which pass the blood-vessels, nerves, and lymphatics supplied 
to them. Strictly speaking, the coelom is an empty cavity, the 
organs usually spoken of as being in it simply bulging into it. 

{e) The Heart, in its double bag, the Pericardium. The 
outer wall of the pericardium will have been already broken 
through. The space between the outer and inner walls is 
filled with liquid, which acts as an eflFective cushion for the heart. 

(/) Beneath the left lobe of the liver is th^ elon^ted 
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StomaolL Pass a seeker through the CBSophagus into the 

stomach. 

(g) The stomach is succeeded by the small intestine, the 

proximal portion of which 
is called the Duode- 
num. The small intes- 
tine passes suddenly into 
the large Rectum^ and 
the rectum into the 
Cloaca. 

{h) In the loop 
formed by the stomach 
and duodenum note the 
Pancreas, an elongated 
flat pale body of irregu- 
lar form. 

(/) Lift up the loop 
containing the pancreas 
and see the Spleen, a 
very small, rounded, 
dark-coloured body in 




Fig. 178.- visceraof male frog. G.^/,gaU.biadder; the mesentery near the 

iS/, spleen; 5'///. /», smallintestine ; Z./, large r^ptum 



intestine ; Ts^ testis ; Ur.Blt bladder ; pe.ca^ 

pericardial cavity; K, ventricle; Aty atrium; 

Ta^ Truncus arteriosus ; Li, UnguaJ artery ; 

Ca^ carotid artery; Ao^ aorta; /, pulmonary pancreaS 

artery ; Ex.Ju, external iueular vein ; /«, * 

innominate vein ; S.Cl* subcla\ ' 

pancreas. (Morgan.) 



rectum. 

(y) Also beneath the 

can now be 

ivian vein ; Pu, seen in the male the 

Testis, an oblong white 
body, to whose anterior edge are attached the Fat Bodies 
in digitate masses. In the female, the Ovary, an irregularly 
shaped organ, and an immensely convoluted Oviduct occupy 
a similar position. In the breeding season ovary and oviduct 
occupy a large portion of the coelom. 

(k) The Lungs are in the anterior portion of the pleuro- 
peritoneal cavity. If undistended they appear as small, dark- 
coloured, sacculated organs under the liver. Pass a blow-pipe 
through the glottis and distend them with air. 
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The Circulatory System. 

13. The Heart lies beneath tlie anterior portion of the 
liver, to which the outer wall of the pericardium is attached. 
Its apex is conical, posterior, turned slightly to the right, and 
consists of the lighter-coloured, thick-walled Ventrlole j its 
base is occupied by the Atriam, thin-walled and darker in 
colour. Passing; from the right anterior edge of the ventricle 
obliquely across the atrium is the Trancna ArterioBUB, which 
divides into two at the base of the heart, oiie division passing 
to the right, the other to the left. Lift up the apex of the 
heart, turn it forward, and note the Sinus VenoBOB, a thin- 
walled, dark-coloured, triangular sac lying on its dorsal surface. 

14. The Venous System. 

i. Without further dissection three veins, distinguishable 
from the arteries by their darker colour and thinner walls, will 



Fic. \-j^ — Venous Eysicm of ibe frofi. rr^ venlHcle ; t, ^nua vcnoaus ; f.Tr^ cardiac vein; 
j.Vt iDlfrmal jugular I sv, subclavian; m.v, miiscvlo-curivicous v«iDt /.v, hepatic 
ports] vein : I'.c, post-caval vein \ a-v, anterior abdominal vein ; If, IcTl pelvic vrin : 
r.», tight pelvic vein : r.v. renal poital vein ; i.e. idatic vein ; /.v, femoral vein. 



be seen on each side uniting and entering the sinus \ 
at its anterior angles. They are — 

(a) The External Jogolar, bringing blood from ihe 
tongue and other muscles in the floor of the mouth. 

{^) The Innominate Vein, formed of the Internal 
Jugular from the head and the Subscapular from the 
muscles of the shoulder-girdle. 
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(c) The Subclavian Vein, formed by the union of the 
Cutaneous and Brachial Veins. The former arises by 
small branches in the head, the latter in the hand and fore- 
arm. 

These three veins on each side unite to form the right and 
left Frecaval Veins, which open into the sinus venosus. 

ii. A third large venous trunk, the Postcaval Vein, opens 
into the sinus venosus at its posterior angle. 

Turn forward the apex of the heart and pin it down if 
necessary. The postcaval vein can now be seen. Note the 
esntxance of the anterior abdominal vein into the liver. Dissect 
away carefully the portion of the liver around this vein, and 
note that it divides into three. One goes to each lobe of the 
liver, the other joins the Hepatic Portal Vein. 

iiL Turn the posterior edge of the liver forward, and note 
that the hepatic portal vein entering the left lobe of the liver 
is made up of the following branches running through the 
mesentery : — 

(a) The Gastric Vein from the stomach. 

(l) The Duodenal Vein from the duodenum. 

(c) The Lieno-intestinal Vein from the rest of the small 
intestine. 

iv. In the anterior portion of the liver between its lobes 
carefully scrape away the substance, and note that a Hepatic 
Vein from each lobe joins the postcaval vein close to the 
finus venosus. 

V. Remove stomach, liver, and intestines, being especially 
careful to dissect the liver away from the postcaval vein, and 
place these viscera in alcohol for future examination. Open 
out the Sub-vertebral Lymph-space on one side so as to 
be able to lift the outer edge of the kidney, and reflect it with 
the ovary or testis as the case may be, over to the other side. 
First reflect the gonad alone, and note from the inner border 
of its under surface, as well as from the upper surface of the 
kidney, veins proceed to form a venous trunk between the 
kidneys. These are the Renal and the Spermatic or 
Ovarian veins, and they unite to form the postcaval vein. 

vi. Lift the edge of the kidney and note a large vessel 
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breaking up along the under surface of its outer border. This 
is the Benal Portal Vein. Turn the bladder over to the 
other side and trace back the renal portal vein. At the pos- 
terior extremity of the coelom it is formed by the union of two 



{a) The Sciatic Vein, 
passing backwards at the side 
of the cloaca. 

iP) The niac Vein, passing 
downwards and outwards in the 
direction of the outer side of 
the thigh. ' 

The continuation backwards 1 "" 

of the iliac vein is the Femoral u 
Vein, which passes around from 

the' outer side of the thigh. V- 

Where the femoral vein enters ^_, 

the ccelom it gives off a branch, 
the Pelvic Vein, which unites 

with the pelvic vein of the op- Fic. iBo.—Een»l ponsl and pelvic weseli 
., , , , of Iht frog, a.*, branch belween Ihe 

postte Side to form the antenor scunc iu>d (emoni veins ; on.aj, an- 

. , . , • . .1. . leriot abdominal vein; d,iui, dorsal 

abdommal Vem. At the root aona; ^J, dono-Uimbar vein - /c.<i 

of the thigh the femoral and ^^T"h'^^c' 4"S "TU"^ 
sciatic veins communicate by a v^'; ^if '^^'^!UrJ'i''VKS'™i 
venous trunk. ^^ ;£ '^^ '"^ '' "■"■ 

15. The Arterial System. 

i. Return to the heart, clear away the pericardium from 
the roots of the great vessels connected with it on one side, 
cut through the factors of the precaval vein, and trace Ihe 
three branches of the truncus arteriosus on that side. They 
are — 

(a) The Carotid Arch, which is the most anterior, passes 
around the cesophagus, and divides at the Carotid Gland 
into two branches. One, the Lingual Artery, supplies 
branches to the floor of the mouth and tongue; the other, the 
Carotid Artery, passes upwards and supplies the brain, eyes, 
and other portions of the head. The carotid gland is a dilated 
portion of the vessel, and is of a spongy nature. 
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{b) The Syetemlo Arch is the median one. It passes 
upward and backvrard around the oesophagus to the vertebral 
column, where in the sub-vertebral lymph-space it meets its 
fellow from the other side. Before this junction it gives off 
branches to the vertebral column, and the head, as well as the 
Snbclavlail Artery, to the fore leg. 

(f) The Falmo-outaneoaB Arch is the posterior arch. 
It divides at the level of the carotid gland into branches, the 
Pulmonary Artery, which passes to the lung on that side. 



ciaiun BTtery ; il.a, <ionAaoni.\ cur, oEliaco-ineseDlcric artery 1 ^ ji, btpatic utery ; 
ti^t urino-KcDiCal arteries ; 3C, sciaiic artciy- (ManhaJlO 

and the Ctitaneoas Artery, which is distributed mainly to 
the skin. 

ii. The two systemic arches meet in the median tine at 
about the level of the sixth vertebra. The right systemic arch 
continues along the ventral side of the vertebral column as 
the Dorsal Aorta ; the left communicates with the right by a 
small opening, and is then continued as the CcellaOO-meBeil- 
teric Artery. 

iii. The Coeliaoo- mesenteric immediately divides into — 

(a) The Qaatrlc Artery, which supplies the stomach, but 
gives off a branch, the Hepatic Artery, to the liver ; and 

(d) The Mesenteric Artery, which supplies the intestines 
and spleen passing through the mesentery. 
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iv. The Dorsal Aorta^ as it passes backwards in the sub- 
vertebral lymph-space, gives off several Urino-genital Arteries 
to the kidneys and gonads, branches to the muscles of the back 
and to the rectum, and then divides into the two Iliac Arteries, 
one of which passes into each hind leg as the Sciatic Artery. 

16. Circulation in the Lungs. 

The blood which is distributed to the lungs by the 
pulmonary arteries returns by the pulmonary veins. The 
pulmonary vein from each lung unites with its fellow above 
the atrium and in front of the sinus venosus, and the united 
veins open into the left auricle. 

17. The Heart. 

Remove the heart with as much of the great vessels as 
possible, place it in a small dissecting dish, and examine it 
under the dissecting microscope. 

L With a sharp knife or razor cut transversely through the 
Ventricle just below the atrium, clear from clotted blood, and 
examine the sections. The cavity of the ventricle appears 
small and slit-like, the walls very thick but spongy in texture, 
thicker on the left than on the right side, the inner surface of 
the walls covered with ridges. Two openings appear on the 
side attached to the atrium. The one on the right side is 
rounded and leads into the truncus arteriosus, the other is 
more central and elongated from right to left This is the 
Auriculo-ventricular Aperture which leads into the atrium, 
and across it, from the dorsal to the ventral side of the atrium, 
can be seen the free edge of the thin membranous partition 
which divides the atrium into a Right and a Left Auricle. 
Two valves— dorsal and ventral— guard the aperture and 
prevent the return of blood into the auricles after it has been 
forced into the ventricle. Each of these is a fold of the lining 
membrane of the heart, attached by one edge to the wall of the 
aperture and hanging freely into the ventricle. Fibrous cords 
are attached to the edges of the valves and to the ridges on 
the inner wall of the ventricle, and these limit their motion so 
that they cannot be forced into the atrium. Two semilunar 
valves with free edges in the truncus arteriosus prevent blood 
passing back from the truncus into the ventricle. 
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iL Slit up the Left Auricle along its outer edge, open it 
widely, and clear from coagulated blood if necessary. Note 
the entrance of the pulmonary vein on its dorsal side close to 
the septum. 

iii. Turn the heart over on its ventral surface and open 
the Sinus Venosus. It is a triangular cavity, the two 
precaval veins opening into its anterior angles, the postcaval 
vein into its posterior angle. The opening from the sinus 
into the right auricle is guarded by two valves. 

iv. Turn the heart back on its dorsal surface, slit up the 
atrial septum, and so obtain entrance into the Right Auricle. 
Note the transverse opening of the sinus venosus close to the 
septum. 

V. Slit up the Truncus Arteriosus along its ventral side 
from the ventricle to its point of division, and lay it open. 
Within it is a longitudinal fold of membrane which is attached 
along its dorsal side in a steep spiral, but is free ventrally, and 
thus incompletely divides it into two chambers. Each branch 
of the truncus is divided internally into the three Aortic 
Arches before this division is visible from without. Cut 
through one of the branches, and examine the cut edge. 

1 8. The Course of the Circulation. 

If shortly after death by chloroform the frog be opened 
and the heart exposed it will hp found still beating, and 
careful observation will show that a wave of contraction 
passes through the organ from sinus venosus to atrium, from 
atrium to ventricle, from ventricle to truncus arteriosus, the 
four contracting successively in the order given. ^ The blood 
supplied to the right auricle by the sinus venosus, as well as 
that passing into the left auricle by the pulmonary vein, is 
forced by the contraction of the atrium into the ventricle, and 
cannot return on account of the closing of the auriculo- 
ventricular aperture by its valves. The blood in the ventricle, 
therefore, is of two kinds. That which has recently passed 
through the lung and returned to the heart by the pulmonary 
vein is Arterial Bloody newly oxygenated and pure with 
respect to carbon dioxide ; the remainder is Venous Blood, 
containing little free oxygen and much carbon dioxide. The 
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size and shape of the ventricle, as well as the short time the 
blood remains in it, prevents anything like the mixing of these 



in. /L in. iu 




tc. 

s.cW 
Vr. 

I— m. e. 



an. aV 



two, and since the sys- 
temic blood is on the 
right side of the ventricle^ 
into which side the trun- 
cus opens, this is first 
forced into the truncus by 
the contraction of the 
ventricle, and afterwards 
the purer pulmonary 
blood. It is prevented re- 
turning to the ventricle by 
the semilunar valves at the 
entrance of the truncus. 

The resistance to the 
flow of blood is not equal 
in the three aortic arches. 
Because the course from 
heart again to heart is 
shortest by the pulmonary 
arteries, and because the 
capillaries in the lungs are 
comparatively large, the 
resistance here is least In 
the carotid arches the re- 
sistance is greatly height- 
ened by the carotid glands. 
The resistance in the sys- 
temic arteries is probably median. Thus when the blood 
is expelled by the contraction of the truncus arteriosus, the 
first portion, which is venous blood, is forced into the pulmo- 
cutaneous arch; the next, which is mixed blood, passes into the 
systemic aortas ; and the arterial blood, fresh from the lungs, 
goes into the carotid arch, and is thus supplied to the head. 

The blood returns from the anterior portion of the body 
by the precaval veins, having passed through but one set of 
capillaries; most of that supplied to the viscera of the abdomen 



Fig. 182. — Heart and great vessels of the frog. 
an.ab, anterior abdominal vein ; au, auricle ; 
br, brachial vein ; c, coeliac artery ; cm, cot- 
Haco-mesenteric artery; ca, carotid artery; 
ca.gl, carotid gland; cu, cutaneous artery ; 
d.ao, dorsal aorta; ex.ju, external jugular; 
gf gastric vein ; he, hepatic vein ; in, innomi- 
nate vein ; in.ju, internal jugular vein ; //, lin- 
gual artery ; /./, lieno>intestinal vein ; Ig, lung ; 
M, mesenteric artery; nt-c, cutaneous vein; 
/, pulmonary artery; ^.cn, pulmo-cutaneous 
artery ; for, portal vein ; pr.c, precaval vein ; 
^t.Cf postcaval^ vein ; s.cl.a, subclavian artery ; 
s.ci.v, subclavian vein ; s.sc, subscapular vein ; 
sy.cio, systematic^ aorta ; /r.a, truncus arteri*. 
osus ; ve, ventricle ; vtr, vertebral artery. 
(Morgan.) 
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and the hind legs passes through two sets of capillaries before 
returning to the heart. Thus the venous blood from the hind 
legs either flows by the anterior abdominal vein to the liver, 
whose capillaries it passes through, or by the renal portal 
veins to the kidneys, through whose capillaries it passes before 
reaching the heart by the postcaval vein. The blood returning 
from the stomach, intestines, pancreas, and spleen enters the 
liver by the hepatic portal vein and passes through its 
capillaries, reaching the postcaval vein by the hepatic veins. 

19. The Blood and Lymph. 

i. The Blood is a red, alkaline, coagulable and sticky 
liquid, consisting of a transparent fluid and almost colourless 
plasma, in which are suspended Red and Colourless 
Corpuscles. The red corpuscles are very numerous. They 
are oval, slightly biconvex, naked and nucleated cells, about 
-jj^ of an inch in diameter. The nucleus is not readily 

seen until after treat- 



ment by dilute acetic 
acid, which dis- 
charges the colour, 
swells the cell, and 
brings the nucleus 
into view because it 
is not so readily 
acted upon by the 
acid as is the cyto- 
plasm of the cell. 
The colouring matter 
is a crystalline com- 
pound called Hae- 
moglobin. The 
colourless corpuscles 
are smaller, about ^^^ of an inch in diameter and much 
less numerous than the red. They show amoeboid movements, 
and many are multinuclear. They possess the power of 
passing through the walls of the vessels, and such migratory 
cells are to be found in nearly all the tissues of the body. 
The circulation of the blood through the smaller vessels 




Fig. 183. — Blood-C3rpuscles of the frog, /z-r, red cor- 
puscles ; H, k, colourless corpuscles at rest ; ///, active. 
(Ranvier.) 
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and capillaries can be readily seen in the web of a frog*s hind 
foot by stretching it out on the stage of the microscope. The 
red corpuscles will be seen hurrying along in mid-stream, often 
altering their shape whilst being forced through capillaries of 
less diameter than themselves, but recovering it when reaching 
a wider place. The colourless corpuscles move along more 
slowly and close to the walls of the vessels. 

ii. The Lymph is a clear transparent fluid containing 
corpuscles similar to the colourless corpuscles of the blood. 
Much of it is, in fact, derived from the blood having exuded 
from the capillary blood-vessels into the tissues, and thence into 
the lymphatic vessels and large lymph-sacs. It is returned to 
the blood-circulatory system by the lymph-hearts, of which 
there are four in the frog. 

(a) Two Anterior Lymph-hearts, lying between the 
transverse processes of the third and fourth vertebrae. They 
can be observed from the ventral side of the animal after the 
lungs and oesophagus have been removed Each is an oval 
muscular bag which receives lymph from the anterior portion 
of the body and by its pulsations discharges it into the vertebral 
vein, a branch of the internal jugular. 

{b) Two Posterior Lymph-hearts are situated immedi- 
ately beneath the skin, one on each side of the urostyle not far 
from its termination. They lie in triangular spaces among the 
muscles of the back, and receive lymph from the posterior 
portions of the body, discharging it into the communicating 
venous branch between the sciatic and femoral veins. 

20. The Minute Structure of the Heart and Vessels. 

i The Heart is a hollow muscle. In both atrium and 
ventricle the outer portion consists of muscle fibres arranged 
circularly ; interiorly, however, radial bands of fibres are found. 
The muscle fibres are long spindle-shaped cells which are not 
unfrequently branched. They show the longitudinal and 
transverse markings which are characteristic of the ordinary 
voluntary muscle fibres. The muscular bands are supported 
by connective tissue which passes inwards from the outer 
surface. 

The nerve supply of the heart is derived from the 

u 
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pneumogastric nerve and the sympathetic system. In addition 
it possesses ganglia as well as smaller groups of nerve-cells, 
ii. Arteries and Veins are similar in their general 
structure. They 
differ chiefly in 
the relative 
amounts of mus- 
cle fibres and 
elastic tissue 
which enter into 
the composition 

riwut'i V, coancciivc iUs«, "(Quaiii.) The OUtCF wall in 

each is relatively thick and strong, and is composed of con- 
nective tissue, with which is mingled in the arteries much elastic 



rail 1- au di-Lcry. a, cjileiieiiuui if, gunic mCBI- 

uscle fiUns : d, coiincctEve liuue. <Quiiin.) 

tissue. The next coat is composed of unstriped muscle fibres 
arranged circularly. In the arteries this makes up the great 
part of the thickness of the wall ; in the veins this layer is 
very thin. Within the muscle coat is a thin coat of elastic 
fibres, and both arteries and veins are lined by a layer of 
squamous epithelium. The smallest arteries and veins approach 
each other very nearly in structure. Many of the veins arc 
furnished with semilunar valves, which prevent the blood from 
being pressed back from the heart by local pressure con- 
sequent on the contraction of muscles or the movements of 
limbs. 

iii. The blood passes from the arteries to the veins through 
the OapUlaries, the transition from the one to the other 



The Common Grass Frog 29 1 

being gradual The wall of the capillary is a single layer of 
nucleated endothelial cells, through which the fluid constituents 
of the blood, as well as many cor- — 

puscles, readily pass. The meshes 
of the network formed by the 
capillaries are frequently less in 
diameter than the capillaries 
themselves. 



Thi Respiratory System. 



I \ 
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S= well Iti froVs fool 



The Respiratory System 
consists of the Larynz, the 
Longs, and their appendages. 
The opening from the mouth into the larynx has already been 
described, 

21. Remove carefully the larynx and lungs, and dissect 
away ftom the former all connective tissue, etc 

i. The larynx is a wide tube of cartilage and fibrous 
tissue, situated between the posterior horns of the hyoid, to 
which, as well as to the cesophagus, it is attached. It opens 
posteriorly into the cavities of the lungs. It is formed of five 
cartilages, which are united by connective tissue, and some of 
which have a liniited power of movement on one another. 
The largest cartilage is the Cricoid. This is of the shape 
of an irregular ring, and it keeps open the passage to the lungs. 
A pair of cartilages, convex outwards, between whose interior 
edges is the entrance to the larynx, are the Arytenoid carti- 
lages. They are supplied with muscles, which open and close 
the larynx at will Stretched between the superior and inferior 
angles of each are flat bands of tissue, whose anterior edges 
are thin and free. These are the Vocal Corda. The Pre- 
arytenoid cartilages are very small. They appear as slender 
rods, or are even absent or united with the arytenoid cartilages 
in front of which they lie. 

ii. Slit down a LiWg along its ventral surface and 
examine it. 

The lungs are large, elliptical, thin-walled bags, narrowii^ 
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at their roots, where they spring from the larynx. Their outer 
surfaces are smooth, and are covered by a layer of the pleuro- 
peritoneal membrane reflected over them from the wall of the 
cavity. Each is richly supplied with blood by the pulmonary 
artery, which spreads out over the surface of each lung, sub- 
dividing as it passes to the blunt apex. The blood is returned 
by the pulmonary vein, which leaves the lung at its root. The 
inner surface of the lung shows a coarse muscular network 
with wide meshes. The edges of the threads forming this 
network are covered with ciliated epithelial cells. Nothing 
but a thin structureless membrane separates the capillaries 
from the inner surface of the lung, and through this membrane 
diffuse the gases — carbon dioxide from the blood to the air in 
the lung, and oxygen from the air in the lung to the blood 

As has already been described, air is pumped into the lung 
from the mouth at each inspiration. Expiration is accom- 
plished by the inherent elasticity of the lung and the active 
contractility of its abundant muscle fibres. 

The blood in the pulmonary arteries differs therefore from 
that in the pulmonary veins in containing more carbon dioxide 
and less oxygen. The former is of a dark red colour, and is 
known as venous blood, because the blood returned to the 
heart by the systemic veins is of this character; whilst the 
latter is bright scarlet in colour, and is known as arterial blood. 

It must not be forgotten that the skin of the frog is a very 
efficient respiratory apparatus. 



The Digestive System. 

The Digestive System consists of the Alimentary 
Tract and the Glands connected with it, viz. the small 
glands in the walls of the Stomach and Intestines^ and the 
large glands, the Liver and Pancreas. 

22. The alimentary tract consists of Mouthy GBsophaguS; 
Stomach; small and large Intestines. 

i. The Mouth has already been described. It is lined in 
great part by a layer of columnar epithelium, which is richly 
ciliated. In the fore part of the roof of the mouth, in front 
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of the vomers, are the openings of the Intermaxillary 
Glands. These are small mucous glands, which secrete a 
sticky substance, which is deposited on the tongue when it is 
darted out and serves to attach to it the frog's prey. 

The Teeth are all in the upper part of the mouth. They 
form a single row on the maxillary and pre-maxillary bones^ 
and two small groups on the vomer bones. Each tooth con- 
sists of a root imbedded in the bone and a crown above the 
surface. It is hollow, the large cavity, containing blood-vessels 
and nerves, being open below. The thin wall of the tooth is 
mainly composed of Dentine^ a modified kind of bone, which 
is covered by a layer of Enamel^ which is the hardest substance 
found in the body. 

ii. The (Esophagus is short, and is immediately above 
the larynx. It opens into the stomach, but no sharp line of 
demarcation exists between them. The Stomach lies above 
the left lobe of the liver, and is attached to the dorsal wall 
of the coelom and to the liver by folds of the mesentery. The 
posterior portion of the oesophagus is enclosed in a lymph-sac 
formed by the pleuro-peritoneal membrane. 

Slit open the oesophagus and stomach along the outer edge, 
wash it out, and note that the inner surface is thrown into 
longitudinal folds which extend to the Pylorus, a narrow 
constriction which separates the stomach from the duodenum. 

Both oesophagus and stomach are formed of four layers of 
tissue. These are — 

{a) On the outside, the peritoneum, which encloses them, 
forming a serous layer. 

{b) The muscular layer, consisting of smooth muscle fibres 
arranged longitudinally on the outer side, circularly on the 
inner side. 

{c) A sub-mucous coat of connective tissue through which 
pass the blood-vessels and lymphatics. 

(d) The mucous-membrane lining. Ciliated epithelial cells 
are general on the inner surface of the oesophagus, and are 
found in the stomach. Numerous simple tubular glands exist 
in this membrane. They secrete the gastric juice necessary 
for digestion. 
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iil The Small Inteetl^ie is suspended from the dorsal 
wall of the ccElom by the mesentery. It commences at the 
pylorus, the proximal portion parallel to the stomach being 
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known as the Duodenum. Slit open the duodenum along 
its outer edge, wash it out, and examine its inner surface with 
a hand lens. 

The longitudinal folding of the stomach does not extend 
into the duodenum, but the inner surface of the latter nearest 
the pylorus is thrown into folds forming an inegular mesh- 
work. Further back the folds form a double series of pouch, 
or waistcoat- pocket-shaped valves, whose free edges are turned 
backward. These prevent the return of food-substances to the 
stomach. Still further back the inner surface of the small 
intestine shows another coarse network of irregular folds which 
give place again to longitudinal folds extending to the large 
intestine or rectum. These folds largely increase the secreting 
and absorbing surfaces of the stomach and intestines. 

The Bile-duet, which passes first through the pancreas 
and then along its outer edge, receives the secretion of the 
pancreas from one or more pancreatic ducts, and the common 
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D^estive Dnct opens into the duodenum not far from the 
pylorus. Squeeze the gall-bladder in a freshly killed frog, and 
note the course of the duct by the highly coloured gall which 
is visible through the wall of the duct The opening of the 
duct into the duo- 
denum should be 
found and a bristle 
passed into it 

The wall of the 
small intestine is 
formed of the same 
four layers as have 
been described for 
the oesophagus and 
stomach. The mu- 
cous-membrane lin- c 
ing is covered by a 
layer of columnar j 
epithelium, studded 

by' laree numbers Fic. 188.— Seeiion Ihroueh the small ialesiine. i, sub. 
i . , , J muoHis layer ; c, i, Uoxl-YeBEls ; o, »', lacHals ; /■, 

of Simple glands mucous laytf wiih simple glands ; *, network ofblood. 

called the OlandB "^"^ " ' ^'""" ' '' ""*"'""■ «'^> 
of Lleberknhn. The walls are well supplied with blood- 
vessels, which break up into networks of capillaries beneath 
the mucous-membrane. The finest branches of the lympha- 
tics, called LactealB on account of the milky appearance of 
theit contents, come into intimate relationship with the 
capillaries, and both closely underlie the absorbing mucous 
surface. 

iv. The small intestine opens abruptly into the Large 
Intestine. This is in the median line. It is thin-walled, 
the inner surface thrown into longitudinal folds, and it appears 
to be non glandular. It opens into the anterior end of the 
cloaca. 

v. The Cloaca is a common vestibule into which opens 
the intestine, the ureters, and the ducts of the gonads. It 
opens to the exterior by the Cloaoal Aperture, which is 
commonly called the Anns, 
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33, The Liver is the largest of the abdominal glands. It 
is held in position by the meaentcfy and the great blood- 
vessels, and is also attached to the pericardium in the manner 
already described. 

The outer covering of the liver is a layer of the peritoneum, 
the mass of the oi^an is made up of small agglomerations, 
called LobilleB, of liver-cells delimited by branches of the 
portal veins called Interlobular Veins. These send into 
the lobules capillaries which unite again to form an Intra- 
lobular Vein in each 
lobule. An intralobular 
vein is a prime factor of 
the hepatic vein. 

The supply of blood 
to the liver by the por- 
tal veins (anterior ab- 
dominal and hepatic 
partal) and the hepatic 
artery is most abundant. 
The hepatic artery breaks 

Fig. 180.— Uver-cells. (Qiuin.) . ^ -ii ■ i.- 1. 

up into capillaries, which 
are mainly distributed to the external portions of the gland. 
The branches of the portal veins pass deeply into its substance, 
generally accompanied by branches of the bile-duct. 

The Llver-cellB are large, Tiaked, polyhedral, nucleated 
masses of protoplasm. The prime factors of the hepatic duct 
are interspaces between them. In these cells the bile is 
secreted from the blood, and at the same time other changes 
take place in its composition so that the blood leaving the 
liver is very different from that entering it. 

On the upper side of the liver, in the deep groove between 
its right and left lobes, is the reservoir for the bile, the Gall- 
bladder. This is a spherical transparent bag, through which 
can be readily seen the green Bile which it contains. Its 
walls have a coat of smooth muscle fibres. It is supplied with 
a duct, the CyBtic Duct, which divides into two close to the 
bladder, one of the branches combining with other ducts from 
the liver to form the common bile-duct. This passes through 
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the pancreas in the fold of the mesentery between the stomach 
and duodenum, and opens into the latter by an oblique slit in 
the place already de- 
scribed. 

24. The Panoreas 
is a somewhat triangu- 
lar, flat, yellow organ 
with in many parts an 
ill-defined border, lying 
in the gastro-duodenal 
portion of the mesen- 
tery. Its posterior ex- 
tremity runs back to a 
point close to the py- 
lorus; its anterior ex- 
tremity is attached to FiQ' 190.— Tubuks ot ihe ^ner™». d, conmiHia. 

the liver. The ducts of n««tofap..i™ii.d,ict. (Quam.) 

the pancreas open into the common bile-duct at about the 
middle of its length. 

The Exeretory Syslem. 
The lungs and skin are excretory organs for the carbo- 
naceous products of destructive metabolism; the kidneys 
excrete the nitrogenous products, which, being solids, pass in 
solution in water through the ureters into the cloaca. 

25. The Kidneys are two in number, and are situated one 
on each side of the vertebral column in the sub-vertebral 
lymph-space. They are separated from the abdomen, therefore, 
by the peritoneum, to which their ventral surfaces, with the 
exception of the extreme posterior portion, are closely adherent 
This membrane meets in the middle line between the. kidneys 
and descends to form the mesentery for the small intestine. 
In the female the ovaries, and in the male the testes, which lie 
ventrally to the kidneys, are also enveloped by folds of the 
peritoneum, and thus hang in the cixlom by distinct mesenteries. 
Each kidney is about half an inch in length, flattened con- 
siderably from above downward, and with a convex outer and 
straight inner border. 
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i. Open the cloaca along both sides and find the openings 
of the Ureters. There are two of them side by side on the 
dorsal aspect of the cloaca, with slightly projecting lips, which 
form a sort of valve. Pass a bristle into one and trace the 
ureter ap to the kidney. In the male the ureter is free in the 
coelom, and along its side is the 
Beceptaculum Semlnis, which 
communicates with it by numerous 




Fig, igi. — Kidneyi ■nd ornr 
froj. JV, A'.lddiwysi Ur.u 
cloaca ; i^» S, opeaii^ of u 
tbe cloaci ; HO, ovary ; 



small ducts; in the female the ureter is closely adherent to 
the oviduct It reaches the outer edge of the kidney a short 
distance in front of its posterior extremity, and, passing to 
its dorsal surface, breaks up into tubes which penetrate its 
substance. These tubes— the Tubuli niiniferi — follow very 
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devious courses in the organ, and finally terminate in small 
dilatations—the Malpighian (Bowman^s) Capsules. 

iL The kidney is well supplied with blood from the Renal 
Portal Vein and the Renal Arteries. The former reaches 
the outer edge of the kidney, and breaks up on its dorsal sur- 
face. Branches pass through from the dorsal to the ventral 
surface, and there reunite to form the Renal Veins. These 
branches are described as being so large as scarcely to deserve 
the name capillaries. 

The renal arteries break up just below the ventral surface 
of the kidney, and an ultimate branch enters each Malpighian 
capsule, and there forms a convoluted mass which does not 
quite fill the capsule. Leaving the capsule at another point, 
the vessel* passes on to open into one of the connections 
between the portal and renal veins. 

Thus the blood in the thin-walled vessels comes into inti- 
mate relationship with the uriniferous tubes, the arterial blood 
in the capsules, and the renal portal blood, through the close 
contact of the uriniferous tubes with the venous branches. 

iii. The Bladder^ a large, thin-walled, bi-lobed bag with a 
mucous membrane lining, opens into the cloaca on its ventral 
side. Its walls are supplied with smooth muscle fibres. It acts 
as a reservoir for the urine, which is continuously passing down 
the ureter, but is expelled from the body at irregular intervals. 



The Reproductive System, 

26. The Testis is a small, white, oval body suspended 
ventrally to the kidney in a fold of the peritoneum, the 
Mesorchium^ which is closely adherent to its dorsal, ventral, 
and external sides. Through the suspending fold pass the 
blood-vessels and Vasa Efferentia. The number of these 
latter is not constant. They pass from the inner third of its 
dorsal surface to the kidney, thence to the ureter, which there- 
fore also functions as a Vas Deferens. 

The smallest factors of the vasa efferentia, the Semini- 
ferous Tubes, may be traced back into the substance of the 
testis, where they terminate in irregular dilatations. These and 
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the tubules are lined with two kinds of cells, one of which 
is spindle^haped. The latter are the mother-cells of the 
Spermatozoa. 

27. The OvarieB occupy similar positions to those of the 
testes. They are saccular organs, divided into chambers by 
septa and entirely surrounded by a fold of the peritoneum, which 
forms the suspensory 
membrane, the Meso- 
Tarinm. Certain cells 
of the ovary, the Ger- 
minal Cells, grow to 
a great size at the ex- 
pense of the other 
cells, and constitute 
the Ova, which do not 
pass directly into the 
oviduct, but are shed, 
when mature, into the 
ccelom. At the breed- 
ing season the ovaries 
increase enormously in 
size and are full of 
developing ova. 

The Oviducts are 
immensely convoluted 
tubes which are not in 

Fra, iM—OrariM ud oviducu of the froj. o, di^CCt connection With 

™Lri«: fl.ovid»a: i.endofthoovidBciswdim (he ovarics. Thcv are 

wLihova; f. cloaca^ {Ow«nO 

suspended by a fold of 
peritoneum along the outer border of the kidney. Their 
anterior extremities open into the coslom just behind the roots 
of the lungs, their posterior extremities into the cloaca just 
anterior to the openings of the ureters. The posterior portion 
of the tube is much dilated. During their passage down the 
oviduct, the ova become coated with the viscid secretion of 
its numerous simple glands. 
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The Nervous System. 

The Nervous System of the frog consists of— 

(a) A tubular central nervous Cerebro-spinal axis situ- 
ated in its own bony cavity on the dorsal side of the animal. 

(b) A system of paired Nerve-trunks, passing from the 
central axis and distributed to all parts of the body. 

(c) A double chain of commissural nerve-cords with ganglia 
uniting many of the paired nerve-trunks on each side and 
united with each other. These are situated in the sub- 
vertebral lymph-space on either side of the vertebral column, 
and form the so-called Sympathetic System. It supplies 
nerves from its ganglia to the heart, blood-vessels^ and abdomi- 
nal viscera ; and nerve-fibres from it accompany the branches 
of the spinal nerves to all parts of the body. 

The cerebro-spinal axis consists of two main portions. 
The anterior, contained in the bony case of the skull, is the 
Brain ; the posterior, enclosed in the arches of the vertebrae, 
is the Spinal Cord. There is no certain line of delimitation 
between the brain and spinal cord. 

28. Take a frog which has lain in alcohol, pin it out under 
water or weak spirit with its dorsal side uppermost, and make 
a median longitudinal incision in the skin of the back. 
Reflect the skin and pin it back, or remove it, severing the 
septa of the dorsal lymph-sacs, and note especially the cuta- 
neous divisions of the dorsal branches of the spinal nerves 
passing across the lymph-sacs to the skin. 

Remove the muscles from the surface of the bony axis. 
Insert the point of a pair of scissors in the occipital foramen, 
keep it close to the surface so as not to injure the brain, cut 
long the outer borders of the fronto-parietals, and remove the 
roof of the brain-case so as to expose the brain. Turn the 
frog round so as to do the same for the spinal column. 

The brain and spinal cord are closely invested by a very 
thin membrane, the Pia Mater. This is pigmented, especially 
over the spinal cord and the posterior portion of the brain. 
Lining the brain^case and vertebral canal is another tougher 
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pigmented membrane, the Dora Mater. The space between 
the two is occupied by lymph. Note the chalky masses of 
minute calcareous particles especially along the spinal cord. 

ag. ITie Splnfil Cord is constricted at about the middle 
of its length, and shows therefore an anterior and a posterior 
enlargement. It terminates in a sharp point, the Filum 
Tenoinale, contained in the urostyle. Longitudinal fissures 
run along its median line, both dorsally and ventrally. 

30. The Brain, (i.) Anteriorly the spinal cord widens 
out into the Medulla Oblongata (Epenoephalon), the 



termidiilLa; r*. Ihilamenqephalon ; /^, ^riotaf body ; O/i., opiic 
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posterior portion of the brain. It is covered by a triangular 
reddish plate formed mainly of blood-vessels. This is the 
Choroid PlexuB of the Fourth Ventricle. Beneath it is 
the fourth ventricle, a triangular space, open now above, 
with tumid lateral walls and a deep longitudinal fissure in its 
floor 
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ii. The base of the triangle is in front, and is formed by 
the Cerebellum (Metencephalon). 

iii. In front of the cerebellum are two rounded masses, the 
Optic Lobes (Mesencephalon), in contact behind, diverging 
in front. 

iv. Next is a lozenge-shaped body, the Thalamence- 
phalon. Covering its anterior angle is the choroid plexus of 
the Third Ventricle. This, especially in alcohol specimens, 
frequently comes away with the bony roof of the brain-case 
attached to the dura mater. If still attached, remove it care- 
fully, and note that it brings away with it a plug of tissue, 
whose outer extremity is very vascular, and inner extremity is 
mulberry-shaped. This plugs a small hole leading into the 
third ventricle. It is the pedicel of the Pineal Body, a non- 
nervous structure, which is rudimentary in the frog. 

v. In front of the thalamencephalon are the two Cerebral 
Hemispheres (Prosencephalon), elongated oval bodies, 
slightly separated behind, but meeting further forward with a 
deep fissure between them. Their anterior extremities pass 
directly into the elongated, rounded, Olfactory Lobes. 

Cut through the olfactory nerves, lift the lobes, and care- 
fully reflect the brain, cutting through the cranial nerves as 
they come into view. Examine the ventral surface and note 
from before backwards — 

i. There is a small median longitudinal fissure on the 
cerebrum, which is continued between the olfactory lobes. 
The course of each olfactory nerve can be traced on the outer 
side of the lobe to its origin in a small bulb on the cerebrum. 

ii. The cerebral hemispheres diverge behind, and the 
angle is occupied by a flattish plate, the Lamina Termi- 
nalis. 

iiL Behind this is the Chiasma of the Optic Tracts, 
which come sweeping forward and downward from the optic 
lobes to meet in the middle line. The optic nerves pass out 
on either side from the optic chiasma. 

iv. The Tuber Cinereum is a bi-lobed structure, with a 
thin posterior edge. Attached to it by an Infandibulum is 
the Pituitary Body, an oval reddish flattened body, which 
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is not of a nervous character. It is not improbable that the 
pituitary body may be separated from the brain when the 
latter is removed in the manner here directed. In that case 
it will be found in a white chalky mass in the floor of the 
brain-case. 

V. The Crura Cerebri are two columns of matter under- 
neath the optic lobes and above the tuber cinereum and 
pituitary body. 

vL The ventral surface of the medulla oblongata is grooved 
longitudinally in the median line. A small papilla interrupts 
the groove above the pituitary body, and marks the posterior 
limit of the crura cerebri, 

31. Internal Structure of the Brain. Make a median 
horizontal section of a hardened brain by holding it between 
the finger and thumb and cutting with a razor. Note the 
following : — 

L The cavity in the medulla oblongata open on the dorsal 
side is the Fourth Ventricle. 

ii. A small canal in the median line, the Aqueduct of 
Sylvius^ passes from the fourth ventricle underneath the 
cerebellum. It dilates between the optic lobes and commu- 
nicates right and left with a cavity in each of these lobes, 
afterwards leading forward into the Third Ventricle. This 
is the narrow median chamber in the thalamencephalon 
already referred to. Its walls are formed by the Optic 
Thalami. The floor of the third ventricle is divided into 
an anterior portion, the lamina terminalis, and a posterior 
portion, the tuber cinereum, into each of which the cavity of 
the ventricle extends. 

iii. The third ventricle leads forward into the Foramen 
of Munro^ a transverse channel connecting the ventricles of 
the cerebral hemispheres. 

iv. Each cerebral hemisphere and its connected olfactory 
lobe is hollow, the hollows being known as the Lateral Ven- 
tricles. They are connected with each other by the foramen 
of Munro, which is in connection with the third ventricle. 

The hardened brain should be cut into a series of trans- 
verse sections and the structure studied. 
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32. Internal Structure of the Spinal Cord. The 

fourth ventricle of the brain leads back into the Central 
Canal of the spinal cord This runs through the whole cord, 
broadening out just before its termination in the filum 
terminale. The ventral fissure is deep and well marked, the 
dorsal fissure shallow. 

33. Thfe Cranial Nerves. There are ten pairs of 
Cranial Nerves^ which are numbered in succession from 
before backwards. Their origins can be studied on the 
ventral surface of the brain. To trace their courses, a frog 
should be pinned out on its side under water after a median 
cut has been made in the dorsal surface of the brain-case from 
the occipital foramen to the snout, and in that position the side- 
walls of the skull should be carefully removed bit by bit The 
nerves of one side are — 

First. The Olfactory Nerve arises in a small bulb on the 
outer surface of the cerebral hemisphere, courses forward along 
the olfactory lobes, and immediately passes into the nasal 
cavity, where it is distributed to the olfactory mucous mem- 
brane. 

Second. The Optic Nerve arises in the optic tract. The 
two join and cross at the optic chiasma, after which each passes 
out through the optic foramen to the eyeball 

Third. The Motor Oculi arises near the middle line in 
the floor of the aqueduct of Sylvius and above the pituitary 
body. It is distributed to the superior, inferior, and internal 
rectus, and to the inferior oblique muscles of the eye on its 
side. 

Fourth. The Trochlear nerve arises behind the motor 
oculi, and from the outer side. It supplies the superior 
oblique muscle of the eye. 

Fifth. The Trigeminal nerve arises from the side of the 
medulla oblongata, and, in company with the sixth and seventh 
nerves and a branch of the sympadietic, it enters the Gasse- 
rian Oanglion, a large, oval ganglion, situated in the fora- 
men, through which the nerve leaves the brain-case. The 
fifth is the largest of the cranial nerves, and supplies branches 
to the nasal cavity, the mucous membrane of the mouth, the 

X 
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intermaxillary glands^ the Harderian gland, the upper and i 

lower jaws, and the regions round about. \ 

Sixth. The Abducens nerve is small. It arises behind 
the fifth, and enters the Gasserian ganglion with it. It sup- - 

plies the external rectus muscle of the eye, and fibres pass ^ 

from it to a branch of the trigeminal. 

Seventh. The Facial nerve arises close behind the fifth, 
and enters the Gasserian ganglion with it It supplies chiefly 
the skin and muscles of the throat and the walls of the tym- 
panic cavity. 

Eighth. The Auditory nerve arises close behind the 
seventh. It supplies sensory nerve-fibres to the internal ear. 

Ninth. The Glossopharyngeal nerve arises from the 
medulla with the tenth nerve, and leaves the cranium in com- 
pany with it. It supplies a branch which unites with the 
facial nerve ; the remainder passes to the fioor of the mouth, 
and supplies the tongue as well as some muscles in the region 
of the pharynx. 

Tenth. The Pneumogastric^ or Vagus nerve arises in 
company with the ninth, with which it forms a ganglion, into 
which also passes a branch of the sympathetic. After leaving 
the ganglion it breaks up into branches which supply the skin 
in the region above the shoulder-girdle, and the muscles in 
connection with it, as well as the larynx, lungs, heart, and 
stomach. 

34. The Spinal Nerves. There are ten pairs of Spinal 
Nerves^ which have their origin in the cord. Each nerve 
arises by two roots, one dorsal, the other ventral. The dorsal 
root has a ganglion upon it, and the two roots join at or 
slightly beyond the ganglion, which lies just outside the 
intervertebral foramen, through which the nerve-trunk passes. 

Take a frog from which the viscera of the ccelom have 
been removed, and the dorsal wall laid bare. Open up the 
sub-vertebral lymph-sinus firom its anterior to its posterior 
limit, and the whole of the ten pairs of spinal nerves will be 
exposed. 

First. The Hypoglossal nerve is small It arises firom 
the cord between the first and second vertebrae, and may be 
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readily found on either side of the vertebral column, in the 
angle between the column and the large muscle of its side 
(Levator anguli scapuUe)^ which passes from the pro* otic and 
exoccipital bones to the supra-scapula. It supplies many 
muscles in and near the floor of the mouth, and passes for- 
ward to the root of the tongue, where it terminates. It will 
almost certainly have been met with in previous dissections 
near the glossopharyngeal 

Second. The Brachial nerve is very large. It leaves the 
vertebral canal between the second and third vertebrae, and 
forms a Brachial Plexus with the third spinal nerve« The 
brachial nerve supplies many muscles in the region of the 
shoulder-girdle, and passes into the arm, where it divides into 
two nerves, the Ulnar and Radial^ which supply the fore- 
arm and hand. 

Third. The third spinal nerve leaves the canal between 
the third and fourth vertebrae. It forms a plexus with the 
brachial nerve, and supplies certain muscles of the back and 
the skin. 

The fourth, fifth, and sixth leave the canal behind the 
fourth, fifth, and sixth vertebrae respectively. They supply the 
muscles of the body-wall, and each sends a branch to the skin. 

The seventh^ eighth, ninth, and tenth leave the verte- 
bral canal behind the seventh, eighth, and ninth vertebrae, and 
through the coccygeal canal in the urostyle, but they arise 
much further back. Within the canal their roots form the 
Cauda equina. They unite in the posterior portion of the 
sub-vertebral lymph-sinus to form the Sciatic Plexus. 
Branches leave the plexus to supply the muscles of the body- 
wall, the skin, the rectum, and the bladder. The tenth takes 
but a small part in the formation of the plexus ; most of the 
fibres of the seventh, eighth, and ninth go to form the 
Sciatic Nerve^ the largest nerve of the body. This passes 
into the hind leg, and divides just above the knee-joint into 
the Tibial and Peroneal nerves. 

Dissect from the side, open the vertebral canal, and lay 
bare the roots of one or more of the spinal nerves of the 
middle region of the cord. Note the ganglion on the dorsal 
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root, surrounded by its white Periganglionic Gland. Im- 
mediately beyond the ganglion a dorsal branch is given off, 
which supplies the muscles of the back in the region of the 
vertebral column, and the skin of the back. The ventral 
division gives off a communicating branch to the sympathetic 
system. 

35. The Sympathetic System. There are ten ganglia 
on each side, the first closely applied to the hypoglossal nerve, 
the tenth, which may however be several, communicating with 
the tenth spinal nerve. The other ganglia communicate with 
the adjacent spinal nerves by branches, which, from the fourth 
onward, are long. Anteriorly two delicate branches pass from 
the first ganglion, one to the ganglion on the vagus nerve, the 
other to the Gasserian ganglion. In addition, small branches 
pass firom the ganglia on the one side to those on the other. 

Branches of the sympathetic are supplied to the heart, 
where they form a plexus on the auricle. Branches pass to 
the abdominal viscera, and form intricate plexuses. The largest 
is the Solar Plexus^ lying in the mesentery supporting the 
stomach and small intestine. This is formed of branches from 
the third, fourth, and fifth sympathetic ganglia. Branches of 
the sympathetic also accompany the blood-vessels. 



Organs of Special Sense. 



The Ear. 



There is no outer ear in the frog. The Middle Ear^ or 
Tympanum^ and the Inner Ear, or Labyrinth^ alone 
represent the organ of hearing. 

36. i Use for preference a hardened specimen, and remove 
the outer skin firom the dark spot on the side of the head 
which marks the outer limits of the ear. Immediately beneath 
the skin is the Tympanic Membrane^ a thin, slightly oval 
membrane attached all round to a ring of cartilage. In the 
middle of the membrane is a white spot. 

Separate the tympanic membrane firom the Annnlus and 
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note that the white spot marks the attachment of a compound 
rod of bone and cartilage, bony in its middle, cartilaginous at 
each end This is the Columella Anris^ which is attached 
at its inner extremity to a membrane covering a hole, the 
Fenestra Ovalis^ which leads into the internal ear. The 
Tympanic Cavity is somewhat flattened, and leads down- 
wards, backwards, and inwards. It is bounded in front by 
the squamosal, behind by soft parts. It communicates with 
the back of the mouth by the Eustachian Tube^ through 
which a bristle should be passed. 

Cut off the head of a frog about one-eighth of an inch 
behind the tympanic membrane, remove the lower jaw, separate 
the tympanic annulus, and dissect away the soft parts around 
and behind the tympanum, laying this cavity completely open 
without displacing the columella auris from its inner attach- 
ment It is better to work both from the outer and inner sides. 

Note the columella in the roof of the cavity, separate it 
carefully from its inner attachment, and note the fenestra 
ovalis on the under side of the bony internal ear. 

ii. The Internal Ear is tedious to dissect out, although 
there is no insuperable difficulty to the patient operator. It 
consists of a complicated sac, the Membranous Labyrinth^ 
lying nearly free in a cavity of the same shape, the Bony 
Labyrinth. The membranous labyrinth is filled with a fluid, 
the Endolymph^ which contains Otoliths^ and to its walls 
are supplied the fibres of the auditory nerve. It is thus strictly 
comparable to the auditory sac of the crayfish. 

The membranous labyrinth consists of the following 
principal parts ; — 

{a) The Utricle^ which is the large central portion of 
the sac. 

{b) From the floor of the utricle communicates, by a narrow 
aperture, an oval bag, the Saccule. 

Utricle and saccule are spoken of as the Vestibule. 

{c) From the utricle also open three Semicircular 
Canals. The Anterior lies in a vertical plane parallel to 
the median plane of the animal, the Posterior is in a vertical 
plane perpendicular to the median plane, the Horizontal is 
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outside in a horizontal plane. Where they join the utricle 
they are swollen into Ampollte. Two neighbouring arms of 
the anterior and posterior semi- 
circular canals form a common 
ampulla, which is called the _ 
Slnua Superior, 

There are also less important 
diverticula of the membranous 
labyrinth. 

The fibres of the auditory 
nerve penetrate the walls of the p,^ .^..M^b^noi^ ubyri„.h of .h. 
utncle, saccule, and ampullar ngfe ear of the f»t », aa.»ii- 

On the inner surface these circular camli 1' i, i, r. aoipnllB ) H, 

, ... , ■ utridt ; I, Biiccule, (Manluill.) 

come mto close relationship 

with certain hair-bearing cells which are ajfected by the 

movements of the otoliths. 

The Bony Lalqrrinth, formed by the pro-otic and ex- 
occipital bones, is of the same shape as the membranous 
labyrinth which is supported in it by a fluid, the FerUymph. 

Vibrations affecting the tympanic membrane may be 
communicated by the columella to the membrane covering 
the fenestra ovalis, thence to the perilymph, and so to the 
endolymph. In this way air-vibrations may affect the termina- 
tions of the auditory nerves. 

With a strong sharp knife cut a series of transverse sections 
through the head of a hardened Irog, commencing just behind 
the posterior limit of the tympanic membrane. Study from 
these the bony and membranous labyrinths, the entrance to 
the internal ear, and as far as possible the distribution of the 
eighth (auditory) nerve. Portions of the membranous labyrinth 
should be removed and examined with a high power. The 
student must note, 'however, in order that he may not be led 
astray in this examination, that the periosteum lining the bony 
cavity is attached in places to the membranous labyrinth and 
comes away with it. 

37. The organs of hearing of the higher vertebrata are 
more complicated than those of the frog. Thus, taking man 
as an example, there is an outer ear, consisting of a Finns, 
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which is probably of some use in collecting air-vibrations, and 
a long passage, the Anditory Canal, at the end of which the 
^^mpanlo Membrane is stretched across. 

In the middle ear of man, instead of the single columella, 
of the frog, there is a chain of three bones which articulate 
with each other. The Malleus, or Hammer Bone, has its 
long handle attached to the tympanic membrane, its head 
articulating with the Incus, or Anvil Bone, which is on the 
whole parallel with the malleus. The lower extremity of the 
incus is attached at right angles to the Stapes, or Btimip 




Fig. 107.— The bones of tlw middle «i. «, 

Bone, whose distal end is attached to the membrane of the 
fenestra ovalis. This latter membrane is thus set in motion 
when the tympanic membrane vibrates, 

The vestibule and semicircular canals in man are in most 
respects similar to the same organs in the frog, but the saccule 
of man has in addition a membranous diverticulum, which is 
coiled about two and a half times in a helix and ends blindly 
at its apex. This is the Cochlear Canal. It is closely 
accompanied by two other canals, which communicate with 
each other at the apex of the helix, one of which, the Soala 



I'lie Common Grass Frog 313 

VeBtibnli, opens into the perilymph of the bony vestibule at 
the base of the helix, the other, the Soala Tympani, tenni- 
nates on the inner side of the membrane, covering a round 
hole, the Fenestra Bottinda, on the other side of which is 
the tympanum. The three membranous canals lie in a helical 
bony canal, which is twisted round a central axis, the ModioloB. 
The whole of this portion of the organ of hearing constitutes 



the Cochlea. The partition separating the scala tympani 
from the scala vestibuU is a lamina of bone, the Lamina 
SplraliB, attached along its whole length to the modiolus. 

The relationship of the three canals to each other may 
perhaps be better understood by likening the cochlea to a 
snail-shell, the helical cavity of which is divided into three 
along its whole length. It will be seen from the foregoing 
description that whilst the scalse vestibuli and tympani must 
contain perilymph, the cochlear canal (or Scaia Hedla) must 
contain endolymph. 

The branch of the auditory nerve supplied to the cochlea 
enters the modiolus at its base, and rises up through it, giving 
off branches to the lamina spiralis. These have been traced 
into close connection with a remarkable organ lying in the • 
membranous partition between the cochlear canal and the 
scala tympani This is the Organ, or Rods of Cortl. 
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There are about three thousand of these rods, and it is sup- 
posed that each is tuned to vibrate in unison with a sound of 
a certain pitch, and that by their means perception of pitch of 
sound or frequency of vibration is possible. 



The Eye. 

38. The eyes of the frog, unlike those of the crayfish, are 
simple. Each consists essentially of an optical apparatus for 
the formation of images, and a special expansion of the optic 
nerve with other elements for the reception of images. In 
addition there are highly important accessory portions. 

L The optical apparatus is a camera obscura, the Eyeball. 
This is a nearly spherical chamber, whose wall is formed pos- 
teriorly by the Sclerotic Coat^ an extremely tough capsule 
of fibrous tissue and hyaline cartilage, and anteriorly by the 
transparent Cornea. The two are continuous, the cornea 
forming about one-fourth the surface of the eyeball, the sclero- 
tic the remainder. Interiorly the eyeball is divided into an 
anterior and a posterior chamber by a pigmented diaphragm, 
the Iris. The central aperture of the iris, called the Fupil^ 
is capable of being contracted by the circular muscle fibres of 
the iris. In higher animals the iris has also radial muscle 
fibres which can rapidly enlarge the pupil, but this is said not 
to be the case in the frog. Immediately behiad the pupil is 
the biconvex Crystalline Lens. This is nearly spherical in 
shape, and is enclosed in a highly elastic membranous capsule, 
which can be tightened by special muscles, thus rendering the 
lens less convex. The sclerotic is lined by the Choroid Coat^ 
a richly pigmented and vascular membrane which at the junc- 
tion of sclerotic and cornea is continued into the iris. It is 
firmly attached to the sclerotic at this junction, as well as at 
the point of entrance of the Optic Nerve on the inner pos- 
terior side of the eyeball. The anterior chamber is filled with 
a thin watery fluid, the Aqueous Humour^ the posterior 
chamber by the Vitreous Humour^ a transparent cellular 
jelly enclosed in a thin membrane. 

The apparatus thus described is such that rays of light 
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from an object in front of the eye are refracted by the cornea, 
lens, and humours — the marginal rays being cut off by the 




Fig. 202.— Horizontal section of the right eye. i, cornea ; 2^ 2', sclerotic ; 3, 3', 
r, r', retina ; 7, 7', iris ; 8, 8', optic nerve ; p, anterior limit of the retina ; xi, 



humour; 12, crystalline lens ; 13, vitreous humour 



choroid ; 
aqueous 



iris — and form an inverted image on the inner surface of the 
back of the eyeball according to the known laws of optics, 
ii. The Receptive Apparatus is the Retina^ an ex- 



jm I 
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pansion of the optic nerve, together with connective tissue and 
pigment elements. 

The Optic Nerve pierces the sclerotic, enters the eyeball 
on its inner posterior side, and immediately spreads out be- 
tween the vitreous body and the choroid coat, lining the 
greater portion of the posterior chamber. The Betina is 
composed of several layers. There are an Inner and an 
Outer Limiting Membrane connected by radially arranged 
Sustentacnlar Cells. These form the connective tissue 
support for the nervous elements of the retina. These nervous 
elements are, reckoning from within outwards — 

(a) A Layer of Fibres of the optic nerve. 

{p) The Ganglion Layer. This consists of nerve-cells, 
whose internal processes pass into the fibres of the optic nerve, 
and whose external processes pass into 

(f) The Inner Molecular Layer, which besides these 
processes contains other fibrous, nervous, and connective-tissue 
elements. 

{d) The Inner Nuclear Layer of radial nerve-fibres, 
with large nuclei and connective elements. 

{e) The Outer Molecular Layer, similar to the inner 
molecular layer. 

(/) The Outer Nuclear Layer, which is closely con- 
nected with the next layer. 

Here is the outer limiting membrane. 

{g) The Layer of Bods and Cones. The rods are 
about soft in length, with outer rounded ends. The cones 
are much shorter and less numerous. They have bluntly 
pointed outer ends. Both rods and cones show a longitudinal 
striation, and under certain treatment break up transversely 
into small discs. 

(h) The Pigment Layer, which is outside the layer of 
rods and cones, but sends fine pigmented processes between 
the rods and cones as far as the external limiting membrane. 

In clear sight the image of any object is formed on the 
retina. The rays of light which constitute the image excite 
the sensory terminations, rods and cones, of the optic nerve, 
and produce the sensation of sight 
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iii. Accessory Portions. 

There are two Eyelids. The upper has no independent 
power of movement It is attached to the eyeball and moves 
with it. The lower eyelid — Nictitating Membrane — is 
transparent, can be raised or lowered, and serves the purpose 
of both eyelids of the higher animals. In dissecting, alcohol 
material is preferable. 

The muscles of the eye may be dissected out in the 
following manner : — Slit the skin transversely above the eye, 
separate it from the eyeball and reflect it. This exposes the 
Superior Rectus Muscle, which has its origin in the fronto- 
parietal bone, and runs outward and forward to a broad 
insertion on the upper surface of the eyeball By its con- 
traction it turns the optic axis upwards. The wide insertion 
of the Superior Oblique Muscle is also exposed This 
arises in the inner anterior corner of the orbit, and runs 
upwards and backwards to its insertion on the upper side of 
the eyeball. 

Turn the animal on its back, bend back or remove the 
floor of the mouth, and remove the mucous membrane covering 
the roof of the mouth. The floor of the orbit is muscular, 
and a rounded projection in the roof of the mouth marks out 
its position. The muscular floor is the Levator Muscle of 
the eyeball. It is a broad flat muscle whose fibres run back- 
wards and outwards, and by their contraction lift the eyeball 
in the orbit. 

Remove the levator muscle. This will bring into view 
the eyeball and the following muscles attached to it : — 

{a) The Inferior Rectus, which arises by a narrow tendon 
from the parasphenoid close to the optic foramen, and is 
inserted by a broad muscular portion on the lower surface 
of the eyeball. This muscle turns the axis of the eye 
downward 

(b) Right and left of this are the External and Internal 
Recti, also arising from the parasphenoid near the optic 
foramen, and being inserted on the outer and inner sides of 
the eyeball. These muscles turn the optic axis forward and 
backward respectively. 
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(c) In the anterior angle is the Inferior Oblique Muscle, 
arising close to the origin of the superior oblique, and being 
inserted on the lower side of the eyeball. The Superior 
Oblique may also be seen. These muscles rotate the eyeball 
about its axis. 

{d) Remove the inferior rectus, and a portion of the 
Retractor Muscle of the eyeball is exposed. This muscle 
consists of three portions which surround the optic nerve, and 
are attached to the posterior inner surface of the eyeball. By 
their contraction the eyeball is drawn back and down in the 
orbit 

In the inner angle of the orbit is the Harderian Oland. 
This is a racemose gland which can be best exposed from the 
outer side of the orbit. Its watery secretion is discharged by 
a single duct on to the surface of the eye, which is kept moist 
by it. This fluid is conducted into the nasal cavity by the 
Lachrymal Duct, which opens by numerous orifices beneath 
the skin on the outer angle of the eye. 

iv. The eyeball should now be removed for further exami- 
nation. Cut through the optic nerve and attaching muscles 
and remove the eyeball. With scissors or sharp knife make 
a cut parallel to the optic axis and on the outer side, cutting 
off about (Hie-third of it. The lens may now be slipped out, 
and the remaining structures examined in their natural 
positions. 

Remove a portion of the retina, tease it out on a slide in 
weak glycerine, and examine with a high power. Many of 
the structural details of the retina may be made out, and 
particularly the rods and cones. Portions of the fresh retina 
should also be teased out. 



The Organ of SmelL 

39. The Nasal Cavities, lying between the external and 
internal nares, are surrounded by bone, and much divided up 
by portions of the cartilaginous skull. A general idea of their 
structure can be obtained by transverse sections through their 
region. The Mucous Membrane is lined by ciliated 
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epithelium. In the olfactory region the epitheh'al cells possess 
long processes which are in connection with the fibres of the 
olfactory nerve. 

Organs of Taste. 

40. The surface of the tongue contains stalked Fimgiform 
Papillse, whose surfaces are covered by epithelial cells with 
forked extremities. These are regarded as the sensory termi- 
nations of the nerve-fibres which enter the papillae. Taste- 
organs are not, however, confined to the tongue, but are also 
found on the mucous membrane of the roof and floor of the 
mouth. 

Organs of Touch, 

41. The skin, which consists of a non-vascular Epidermis, 
covering a very vascular Cutis, or true skin, is well supplied 
with nerves. Some fibres ascend amongst the cells of the 
epidermis, and are no doubt sensory ; but true touch areas 
and organs are present as tactile terminations of the sensory 
nerve-fibres. 

The Microscopical Characters of the Tissues. 

The blood and lymph have already been described. 

42. The Epithelium is the membrane lining those cavi- 
ties of the body which communicate with the exterior. Its 
cells are small and nucleated, and whilst they present gene- 
rally a smooth surface towards the cavity they line, their inner 
ends are not unfrequently prolonged into one or more pointed 
processes. The layer of epithelium ceUs is single in some 
places, many cells thick in others. In different parts the cells 
have different functions. Some are, for example, absorbing 
cells in the intestine, secreting cells in the stomach, and sensory 
in the nose. 

i. Gently scrape the mucous membrane in the roof of a 
frog's mouth, mount the scrapings in normal salt solution, and 
examine under a high power. 

Note the nucleated epithelial cells, many with forked 
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internal ends. The free surface is covered with cilia, which 
are in incessant motion if the animal has been recently 
kUled. 

ii. Scrape the inner side of your own lip, mount in saliva, 




Fig. 203. — 1.» a, white corpuscle, b, red corpuscle of the frog'. II., squamous epithe- 
lium; III., ciliated epithelium : IV., corneal epithelium ; v., columnar epithelium ; 
VI., from the peritoneum of the frog ; VII., white fibrous tissue ; VIII., yellow 
elastic tissue ; IX., connective tissue corpuscles ; X., corneal corpuscles ; XI., fat 
cell; XII., pigment cells; /r, passive; ^, active. (Morgan.) 

examine, and note that the cells are large, flat, and nucleated 
(Squamous Epithelium). 

iil Scrape gently the inside of the small intestine of a frog, 
mount in normal salt solution, and examine. 

The epithelial cells are Columnar and nucleated, many 
with branched inner ends. Here and there will be seen 
groups of a few cells which lie side by side in their natural 

positions. Amongst these 
cells will be seen others 
containing or having re- 
cently discharged a drop 
of mucus. They are known 
as Mucus, Goblet, or 
Chalice Cells, and may 
be looked upon as unicel- 
lular mucous glands. 
iv» The epithelium of 
the bile-ducts, the pancreas, ureters, etc., is also columnar, 
and in the case of the larger bile-ducts it is also ciliated. The 
epithelium of the bladder is formed of three layers of cells, 
the surface layer being polygonal in outline. The epithelium 
of the lungs varies in different parts. In the smallest air-spaces 
the epithelial cells have polygonal outlines (Tesselated 
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Fig. 904.— Goblet cells. (Quain.) 
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BpltheUtuu), but other parts are lined with columnar ciliated 
cells, amongst which are goblet cells. 

V. The sensory epithelium of the nose and ear has already 
been described. 

43. Cartilage. Cut off a small piece from the free edge 
of the xiphistemum of a frog, carefully scrape from it any 



Fig n>3- — Hyaline carliTagti, a, h, ctWi -. k, protoplasm ; n, nucleus^ (QiumO 

adhering membrane, mount in normal salt solution, and 
examine. 

It consists of rounded nucleated cells lying in the lacunae 
of a hyaline matrix. The cells show all the characteristics of 
dividing cells, and the transparent matrix is obviously an inter- 
cellular substance derived from the cells. 

44. Connective Tissae. Remove a small piece of 
tendon from any of the small muscles of a frog, tease it out 
thoroughly, mount in normal salt solution, and examine. 
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It consists of very fine parallel threads of White Fibrons 
Ooimfictiye TisBue. 

Mount and examine in a similar manner a piece of the 



Fig. »&— Whin fibrous connective lisiK. (Quin.) tissue fibres. (Quiin.) 

thin glistening connecti\e tissue which separates the muscles 
of the leg from one another. 

It consists largely of the same white fibres, but amongst 
them will be found numbers of anastomosing Yellow Elastic 
Fibres. Run a little acetic add under the glass, and the 
white fibres will swell up and lose their distinctness, whilst the 
yellow fibres are unaffected. 

Tease out in weak glycerine a small piece of the thin edge 
of the tail of a tadpole which has been preserved in alcohol, 
or better still in a quarter per cent, solution of chromic acid, 
and examine. 

In places, the thin layer of polygonal epidermal cells will 
be stripped off from the underlying tissues containing the 
capillaries, and here two kinds of stellate cells will be seen — 
lai^er dark-coloured pigment-cells, and much smaller nucleated, 
colourless, stellate cells, whose branched processes anastomose. 
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These latter are OotmectlTe-tissae GorpnsoleB, the fbnna- 
tive cells of the fibres, which are intercellular like the matrix 
of cartilage. 

45- Bone consists of a hardened calcified matrix contain- 

Fig. aog.— CoBnecli»e-tLsiiie corpuscles. (Qiain,) 

ing lacunae, in which are the formative cells — Bone Oor- 
pnaolee — of the bone, and in addition tubes — Haversian 
Canals — which contain the blood-vessels supplying the bone. 

Decalcify a piece of the femur of a fn^ in half per cent 
chromic acid, and cut transverse sections. Stain in borax 
carmine, and examine with a high power. 

The bone is closely invested by a connective-tissue layer, 
the PeriOBtemn. Within this is a layer of formative cells of 
the bone, the Osteoblaats. 
In the centre are narrow 
cells, also with osteoblasts. 
The bony matter is arranged 
in concentric lamellae, marked 
out by circles of lacuna:, in 
each of which is a nucleated 
bone corpuscle. One la- 
mella nearer the centre than 
the circumference has no 
lacunae. The matrix of the 

bone, like that of cartilage, Fic.jop.— A Haveiwao system. fcirtBtyi 

is an inteicellular substance, 

produced by the living activity of the bone corpuscles, in- 
filtrated in this case, however, with lime salts. Near the pores 
through which pass blood-vessels into the bone are systems 
of Havei^an canals. 
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Transverse sections of the dry bone are not easy to mate, 
and it is better to buy mounted preparations. In such a 
preparation of the 
femur of a frog 
the branched 
communicating 
processes — Ca- 
nalioali — of the 
lacunae are well 
seen. In the 
living bone these 
are occupied by 
processes of the 
bone corpuscles. 
The typical 
long bone of the 
higher vertebrata 
is made up of a 
number of Ha- 



consists of a 

canal containing 
the blood-vessel 

Fig. iio.— TraHYerM_i«:liQO of hunierut showing ihm and a number 

of concentric 
lamellae, separated by lacunae with communicating canaliculL 

46. Muscle, i. Remove a small piece of fresh muscle 
from the leg of a frog, mount in normal saline solution, and 
examine. 

The muscle is made up of transparent fibres, each of 
which is enclosed in a delicate sheath, the Sarcolemma. 
Where the fibre is torn or twisted the sarcolemma comes into 
view. The fibres are transversely striated with alternate darker 
and lighter area, and on this account the muscle is known as 
Striped Muscle. Run a little acetic acid under the cover- 
glass and the fibres become more transparent^ allowing their 
elongated nuclei to be seen. 
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Tease out in glycerine, and mount a small piece of muscle 
which has been laid in alcohol. 



The fibres split up into fine fibrils, each 
of which b transversely striated like the 
whole fibre. The striped appearance of the 
fibre is caused by the presence within it of 
a regularly arranged protoplasmic network, 
whidi is intimately concerned in the phe- 
nomena of muscular contraction. 

The thin cutaneous-pectoral muscles of 
the frog are excellent for studying the pas- 
sage of the sarcolemma of the muscle- 
fihres into the tendon of the muscle. 

iL Remove a small piece of the small 
intestine of a firog which has lain in alcohol, 
tease it out in weak glycerine, and examine- 
with a high power. 

Portions of the longitudinal and circular 
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muscle coats will be seen, in some cases 
overlying each other in then- natural posi- 
tions, in others separated. Each coat is 
composed of Unsttiped Mnaole fibres — 
fairly long fusiform cells with oval nuclei 
and one or more evident nucleoli. The 
nuclei stain well in borax- 
carmine, but they show 
without staining. 

47- Nerve. The ne^ 
vous system is formed of 
nerve-fibres and nerv6^:ells. 
In a nerve-trank the fibres 
are bound up together in 
small bundles by connec- 
tive tissue, and these again 
into larger bundles to form 
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the nerves. The connective-tissue (heaths also support nutri- 
tive blood-vessels and nerves. The spaces between Che sheaths 
are lymph-sacs. 

L Remove a short piece of the sciatic or other large nerve 
of a freshly ^ed fro^ tease out on the slide in normal salt 
solution, cover, and examine with a high power. 

Note the fragments of the connective-tissue sheaths. The 
nerve-fibres are transparent cyUndrical threads, with a faint 
indication of a central Axis- Cylinder. Where a fibre is 
bent or crushed by another crossing it, 
an external wall — the Neurilemma, or 
PrimiUTe Sheath — is seen. 

Tease up another piece of nerve in 
a drop of chloroform on the slide, cover, 
and examine. 

Neurilemma and ax is -cylinder are 
now plain. The chloroform dissolves 
out a fatty substance, the MedlUlaiiy 
Sheath, lying between the neurilemma 
and the axis-cylinder. 

Lay a small piece of fresh nerve for 
a quarter of an hour in one per cent 
solution of osmic acid, tease it out in a 
drop of water on the slide, cover, and 
examine with a high power. 

The medullary sheath is stained black, 
and its continuity is broken at intervals, FicaiS-NDn-mtduiiaied 
dividing up the fibre into nodes and inter- 
nodes. The nodes are known as the Nodes of Ranvier. 
The intemodes vary in length from io>i to 40^ In each inter- 
node the neurilemma has at least one nucleus projecting into 
the medullary sheath. 

The axis-cylinder is the essential part of the nerve-fibre. 
In transverse sections of a nerve it shows as a small dot 
surrounded by a circle, the neurilemma. It loses the medullary 
sheath near its peripheral termination, and frequently breaks 
up there into fine varicose fibrillEe. Non-medullated nerve- 
fibres are found in large numbers in the branches of the sympa- 
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thetic system. They are similar in all respects to the nerve- 
fibres of the . cerebro-spinal. system, except that they have no 
medullary sheath. 

ii. Retnove a spinal ganglion from a frog, fresh or alcohol 
material. Place in one per cent, osmic acid fci a quarter of 
an hour, wash, and tease out in a drop of water on a slide. 
Cover. and examine. 

Among the fibres note a large number of nerve-cells. 
These arc of very various size, the largest reaching even to 
loo/t in diameter. Each has a large nucleus with nucleolus. 
In a few it can be seen that the cell has a single process which 
is continuous with a nerve-fibre ; in the majority, however, the 
process is broken oflf in the teasing. They are Unipolar 



Fig. 117.— MuLiipolat nervKcll. (Schftfn.) 

CellB. In some of the largest there is a distinct concentric 
fibrillation visible. 

Treat a sympathetic ganglion in the same way. Some few 
bipolar cells will be found — one process straight, the other 
twisted around it in a spiral. The straight process is con- 
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tinuous with a non-medullated nerve-fibre, the spiral p 
with a medullated fibre. 

ilL Cut or procure mounted transverse sections of 
spinal cord, and examine first with a low, then with a h 
power. 

Note the dorsal and ventral grooves and the central canal. 
Each half of the cord is composed of white matter externally 



Fig. iiS. — TnuureKC section of the simul cord, a, t, c, Krvtcclli in ihc intuior 
hom of grey nuuicr ; d, posierior horn of grey mailer ; f, cenlnJ canal ; g and /, 
commisBiresofgrey miKer. (Quain.) 

and grey matter internally, the latter in transverse section 
appearing in the form of a crescent. In the grey matter the 
dorsal and ventral roots of the spinal nerves originate. 

The histological elements of the spinal cord are nerve- 
fibres, nerve-cells, and connective tissue — ^Neuroglia — the 
latter in comparatively large quantity supporting the nervous 
elements. The white matter is largely composed of medul- 
lated nerve-fibres which run longitudinally through the coid. 
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The grey matter has lai^e numbers of nerve-cells, most of 
them multipolate, although unipolate and bipolate cells are 
not uncommon. Large numbers of nerve-fibres pass from one 
side of the cord to the other by the conmussure between the 
grooves, 

Reproduction. 

48. The Seminiferous Tabes of the Testis are lined 
by a rounded epithelium, amongst which are elongated, spindle- 
shaped, nucleated cells. They are the Speniiafa)UaBtB 
which give origin to the Spennatozoa,xac^<f which has a 
short head and a long vibiatilfi iai The sperraatozoa are set 
.free into the ^xanuferous tubes, pass into the vasa efferentia, 
thence into the ureters, by which they pass to the cloaca and 
are discharged at the time of fertilization. The spermatozoa* 
may be obtained for examination by cutting open the testis 
during the breeding season, and squeezing out a little of its 
contents. 

49. The OTTUa has a distinct cell-wall. It contains a 
nucleus — Germinal Vesicle — within which are one or several 

nucleoli — Germinal , 
Spots. The cytoplasm 
of the mature ovum is * 
coarsely granular, the gra- 
nules being known as 
Yolkspherea. The ripe 
ova pass through the wall 
of the ovaiyinto the body 
cavity, enter the open end 
of the oviduct, and so 
pass into the cloaca and 
out of the body. The 
Ovidnot is a thick- 
^^11 . ^ walled convoluted tube, 
'.nuc'itus; opaque and glandular 
through the greater por- 
tion of its length, distended and thin-walled just before its 
entrance into the cloaca. As the ova pass down the oviduct 



Fie. iifl.— Typical ovun 
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they become coated with the mucous secretion of it3 glands ; 
at the moment of their expulsion the male, which tightly clasps 
the female around the body, pours upon them the fertilizing 
fluid containing the spermatozoa. 

50, Fertilization. Before this, however, the ovum has 
twice excelled a portion of its nucleus (Bzpnlsion of Polar 




FiO- no.— E jpuUion of polu' bodiei &om the ovum. r,g,v, formatianofnacleariiMndlc. 
3,3,f, upnliiDD of the tirsi polar bodf. 4, J, /. expulsioa of both pclar bodies ; ' 
r.^t femaJfl pronucleui. (QuiuQ') 

Bodies), the nuclear division being of the kind called 
Earyokinesls, similar to that already described as indirect 
nuclear division. The portion of the nucleus remaining 
is the Female Pronucleas. A spermatozooid enters 
the ovum, and its substance, as a Male Fronnclens, 
fuses with the female pronucleus. Fertilization is then 
complete. 

51. Segmentation of the Oram. The ovum then 
commences dividing. After the first few divisions the segmen- 
tation is more rapid on the side of the nucleus, which is not 
quite central, than on the other side of the ovum where the 
food-yolk is, and in consequence the cells on that side of the 
ovum are soon more numerous and smaller than on this. 
They occupy also at this early stage less than one-half of the 
segmented ovum. From these smaller cells, which are darker 
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in colour than the others, the animal will be developed ; the 
larger yolk-cells are subsequently absorbed by thero. 

The octants of the spherical ovum do not meet internally, 
but leave a small cavity, the 
Segmentation Cavity, which 
becomes larger as further divi- 
sions take place, but is finally 
obliterated. The pigmented 
cells are the Epiblast. They 
gradually advance over the sur- 
face of the sphere, increasing 
at the expense of the yolk-cells, 
until they cover it with a layer 
_U. of epiblast. Before this, how- 
ever, at one point on the edge 
of the advancing envelope, an 
Fio. jaL-cieavaee of f«g-i onim. «, inward and Upward growth of 

bk^topor.. (Morgan,) t, ?■ 

epiblast occurs. By this means 
another cavity, the Hesenteron, or Mid-Out, is formed, 
opening to Che exterior by a small pore, the Blastopore, at 
the spot where the ingrowth commenced. The mesenteron 
is roofed in by a layer of 
cells, the Hjrpoblart, de- 
rived partly from the in- 
growing epiblast and con- 
tinuous with . the latter at 
glu the blastopore ', its floor js 

. formed for a time by yolk- 
cells. Between the epiblast 
and hypoblast is developed 
a layer, several cells thick, 

Fio. aM.-S«lion or ftoe"! bvum. «A,bta>lo- the MeSOblaflt. 

pore ; lA trfblasl ; Bift nwsobliul ; fe, hypo- ., ^ ... ,. ., 

bi<»t:;^,^«a>H»D;7:».c.yoik-i^]s;iX About this time the 
«i™«"-tion cavity. (Morjan.) segmented ovum loses its 

spherical shape and commences elongating. The epiblast over 
the mesenteron by upward growth forms two longitudinal folds, 
the Neural Folds, bordering a groove, the Neural Groove, 
the floor of which is the Neural Plate. The folds gradually 
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close in over the groove until they meet and fuse, forming the 
Neural Canal, which communicates at one end by a narrow 
tube with the blastopore. 

Underneath the neural canal and parallel with it the 
hypoblastic roof of the mesenteron forms a rod of cells, the 
Notochord, which pierces the mesoblast and divides it into 
right and left halves, which eventually meet beneath the 
mesenteron. These are the Mesoblastic Plates, each of 
which is shortly afterwards divided into a Vertebral Plate 
next to the notochord, and a Lateral Plate next the 
mesenteron. 

Before this division takes place the mesoblastic plates are 
cleft into a splanchnic layer on the side of the mesenteron 




id II., dors^ vi 

as 11. Wl .. , 

'brain \ ky, bypobi 




ir M, blastopore; ch, notochon]: 
-■ ■- ■■ ^&3l; M(,i •-'— - - 



, .. . — 1 ; ^*i, yoIk-wlU. 

(Montan.) 

and a somatic layer on the outer side. The cleft thus formed 
is the Body Cavity, or Coelom. 

52. Development of the Nervons System. The 
anterior portion of the neural canat develops three enlarge- 
ments. These are the ruHimpnts of the Fore-brain, Mid- 
brain, and Hind-brain. The posterior portion of the neural 
canal gives rise to the Myelon, or spinal cord. 

{a) The primary fore-brain is the Thalamencephalon. 
The third ventricle, which it contains, is the persistent anterior 
vesicle of the neural canal. 

{b) The primary mid-brain, or Mesencephalon, develops 
above into the optic lobes, 

(c) The primary hind-brain, or Myelencephalon, develops 
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into the medulla oblongata (Epencephalon) behind, and the 
cerebellum (Metenceplialon) in front 

The nerves are developed subsequently as outgrowths of 
the central nervous system. 

53. Early in the course of development the segmentation 
of the vertebral plates of mesoblast begins by the formation 
of transverse septa, which divide up the plates into cubical 
masses. A brain-case of cartilage develops around the anterior 
portion of the neural canal, later to be replaced in great 
measure by bone. Above the notochord, which extends to 
the posterior extremity of the body, but not further forward 
than the level of the mid-brain, and resting upon it, cartilaginous 
Neural Arches are developed corresponding to the septa 
between the mesoblastic segments, and a cartilaginous Seg- 
mental Sheath forms around the notochord. These segments 
are the Bodies of the Vertebral Columiiy in each of which 
a vestige of the notochord is still found in the adult animal. 
The cartilaginous sheath and neural arches are in great measure 
replaced by bone. 

54. The mesenteron becomes the middle portion of the 
alimentary canal of the adult, and the blastopore probably 
persists as the anal aperture. The mouth and nares are 
formed by new invaginations of the epiblast, the cavities thus 
formed becoming continuous with the mesenteron. The mar- 
gins of the mouth develop horny lips, and two suckers appear 
on the outer side of the embryo below the mouth. 

The anterior portion of the mesenteron opens to the 
exterior by three Branchial Clefts on each side. The 
margins of the clefts are strengthened by cartilaginous hoops, 
the Branchial Arches^ and bear three pairs of External 
Branchiae. In the early tadpole condition water enters 
the mouth and escapes by the branchial clefts, thus passing 
over the branchiae. 

Just behind the branchial clefts on the ventral side of the 
digestive tract an outgrowth of the tube takes place into the 
cells of the mesoblast. This branches continually at its 
extremity, developing into the two Lungs. 

Further back the Liver also arises as an outgrowth of the 
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digestive tract, which gives rise to a mass of diverticula 
amongst the cells of the mesoblast The Pancreas is also 
an outgrowth of the digestive tract. 

Meanwhile the body cavity, extended upwards through the 
lateral mesoblastic plates, nearly meets in the middle line 
beneath the notochord, and so pinches the alimentary canal 
with its glands into the body cavity, where it is suspended by 
the thin mesentery, which is thus developed from the splanch- 
nic layer of mesoblast 




Fig. m-— DevtlopiMi 



55. The Heart arises as a simple tube in the splanchnic 
layer of mesoblast beneath the pharyngeal region of the me- 
senteron. It is very early bent upon itself, and divided into 
atrium and ventricle. The atrium is shortly afterwards divided 
into auricles, and the sinus venosus, and Iruncus ^teriosus 
are formed. In the early tadpole stage the two great arterial 
trunks which diverge from the truncus pass below the gill-slits 
and send up branches into the visceral arches which supply 
blood to the branchiae. This blood is collected by efi^nt 
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branchial vessels ioto an Eplbranchlal Alteryon each side, 
the two uniting further back into the Dorsal Aorta and 
passing forward as Carotid Arteries. 

During the metamorphosis of the tadpole into the frog the 
following changes occur in the course of the circulation : — The 
first branchial arch gives rise to the carotid and lingual arteries, 
and so becomes the carotid arch of the adult frog. The second 
bnuichial arch loses its connection with the carotid artery, and 
becomes the systemic arch of the adult The third branchial 
arch also loses its connection with the epibranchial, becomes 




le detelopmeql of ibe nortlg arcbes 

led. B, ventricle ; t-v. pulmonarjr 
., .^..^^ . ^..rf, pulmcBCuiaaeou opeiuD[ ; tju, 
at, CAtotid openings (MorgaiL ) 



the pul mo -cutaneous arch of the adult, and establishes a 
connection with the lungs. 

56. Whilst still enclosed in the egg the tadpole is furnished 
with two pairs of external branchite, increased on its escape 
from the egg and assumption of the free-swimming stage to 
three by the development of a pair of smaller posterior 
branchiae. By these respiration is effected. As metamorphosis 
proceeds, an Opercular Membrane grows from the region 
of the Hyoldean Arch— anterior to the first branchial cleft — 
on each side, back over the external branchiae. On the right 
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side and beneath, fusion of the edge of the opercular mem- 
brane with the body-wall behind the gill-slits becomes com- 
plete, on the left side an aperture is left for a time through 
which the water taken in at the mouth passes out The 
external branchiae then atrophy, and are succeeded in their 
function by Internal 

Branchise^ deve- ^m^ 

loped at the edges of "*t 
the branchial slits. 
The lungs are, how- 
ever, now developing, 
and for a short time 
the animal breathes 
both by its lungs and 
its internal branchiae. 
The aperture leading 
to the exterior finally 
closes, and air alone 
is breathed. 

57. In the young 
embryo temporary 
renal organs are de- 
veloped, which subse- 
quently in great part 
atrophy. On each 
side of the body 
cavity in the somatic 
layer of mesoblast is 

AtnTtx\f\r\txA o /1ii/«f Fig. 226. — Stages in the development of the frog. I., 

aCYCiOpeu a UUCl ^/, blastopore ; mf, neural fold ; mg, neural groove, 

the Archinenhric ^^^ ^* auditory organ ; opt, eye ; fta, nasal pit ; 

inc ArcillliepiinCy ^^ sucker; md, mandibular arch; hy, hyoidcan 

or Segmental Duct ^^ ' ^ *"** ^'» ^^' *"*^ ^^^ branchial arches. 
, . , 111., ex.or, external branchiae. IV., v, vent; m, 

— which COmmuni- mouth, v.,//, fore-leg; ^.a, branchial aperture; 

i_ i_ • J vi_ ^1 *-^' hind-leg. (Morgan.) 

cates behmd with the 

cloaca, and opens to the body cavity near its anterior limit 
by several apertures. Just behind the apertures it forms a 
convoluted mass, with blind processes. This is the Pro- 
nephros, or Head-Kidney. The primitive kidney of 
the frog, therefore, like the kidney of anodonta, is a tube 

z 




1)T 2L. 



Til/ 




338 Practical Elementary Biology 

communicating freely with the body cavity. This head-kidney 
atrophies after a time. 

It is replaced in function by the Wolffian Body^ or 
Mesonepliros, which persists as the permanent kidney of the 
frog. This originates further back in the somatic mesoblast 
as a convoluted mass of tubules, which subsequently branch. 
Each communicates with the archinephric duct, and ends in a 
glomerulus. The posterior portion of the archinephric duct 
becomes therefore the Wolffian Duct (Ureter). 

The oviduct of the female originates as a longitudinal 
development from the archinephric duct, and opens far for- 
ward into the body cavity and behind into the cloaca. A 
somewhat similar duct is similarly developed in the male, but 
it is functionless and afterwards atrophies. 

The vasa efferentia are developed as outgrowths of the 
primary tubules of the Wolffian bodies. They communicate 
with the testes, and thus it comes about that the ureters 
(Wolffian ducts) function also as vasa deferentia. \ 
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CHAPTER XVIII. 

SPECIAL PHYSIOLOGY OF THE CCELOMATA, 

We have seen that of the animal types described here, 
each individual amoeba, vorticella, and paramsecium is mor- 
phologically a single cell, although with a high degree of com- 
plexity. Into this cell are taken solid particles of food, which, 
consisting mainly of protoplasm, are broken down to some 
extent before being constructed anew and elevated into the 
animal matter of the living body. Destructive metabolism is 
constantly going on, the processes supplying heat and force to 
the animal with the production of carbonaceous and nitrogenous 
waste which is excreted from the cell. 

Such unicellular animals belong to the great division of 
Protozoa. Multicellular animals which show structural dif- 
ferentiation are Metazoa. Like the other types of animals, 
all such have a digestive cavity into which the food enters, and 
in which digestion takes place. But there is this distinction 
between hydra on the one hand, and anodonta, astacus, and 
rana on the other, that whereas the former has but one cavity, 
the digestive cavity, the latter have each a distinct body cavity 
— Ccelom — ^with a distinctive vascular system containing a 
nutrient and oxygenated fluid, as well as a digestive cavity — 
Enteron. Hydra belongs to that division of the metazoa 
called Coelenterata^ the others to the division Coelomata. 

In spite of the fact that hydra possesses a digestive cavity, 
we have seen that its digestion is largely intracellular. In the 
ccelomata intracellular digestion does not prevail, but digestive 
juices are poured into the digestive tract from the glands which 
open into it, and there food-stuffs are brought into solution ancj 
prepared for absorption into the circulation, 
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There is no reason to suppose that the chemistry of 
the metabolism of the coelomata differs, except perhaps in 
degree of complexity, from that of the protozoa, and the 
statement of profit and loss set out in the section on Amoeba 
will certainly apply with equal force to all these animals. But 
their greater complexity of structure with their accompanying 
differentiation of organs and functions involves a physiological 
division of labour, and necessitates a vascular system, with its 
contained nutrient fluid to carry food and oxygen to distant 
organs, and to bring the products of destructive metabolism to 
the organs which excrete them. 

Although the protoplasm of the cells of the higher animals 
is contractile, irritable, automatic, absorptive, meta- 
bolic, and reproductive, yet it may be said generally that 
those cells which exhibit one or the other of these properties 
in the highest degree are collected together into groups con- 
stituting organs where their united action can affect the whole 
organism. Thus the cells in which the property of contractility 
is most highly developed form the muscles and ciliated epithe- 
lium; the most irritable and automatic cells constitute the 
nervous system ; those which are especially endowed with the 
power of reproducing the animal occur in the gonads — ovary 
and testis ; and all living cells are necessarily absorptive and 
metabolic 

Within the limits of this section it is impossible to do more 
than touch upon the leading features of animal physiology. 
What follows will apply, with some reservations which will be 
noted, to all the types of ccelomata here presented. 

Nutrition. — The food of animals must consist of organic 
compounds already elaborated in plants or animals, together 
with water and some inorganic salts, and these food-stuffs may 
be referred to three classes, viz. — 

(a) Nitrogenous compounds such as proteids. 

{b) Carbonaceous compounds such as carbohydrates, of 
which starch is an example, and fats. 

(c) Water and mineral salts. 

The rendering soluble and diffusible such of these sub- 
stances as are insoluble is the process of digestion. The same 
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treatment is not suitable for each of them, and therefore 
different parts of the digestive tract are modified to deal with 
the different food-stuffs. Insoluble proteids are converted 
into peptones, starch into sugar, and fats to some extent into 
soaps, all of which are diffusible through animal membranes. 
Mineral salts which are foods are all more or less soluble. 

The digestive tract has already been described as an open 
channel leading through the body, commencing at the mouth 
and terminating at the anus, dilated in some parts, constricted 
in others, but at no point communicating by open tube with 
the blood-vascular or lymphatic systems by which the products 
of digestion are carried away from it Into this channel the 
food passes and slowly moves from end to end, digestion and 
absorption proceeding as it goes, the undigested remnant being 
expelled from the anus, together with some products of the 
digestive tract The food is therefore, so to speak, always 
outside the body, the body holding a position in relation to its 
food somewhat similar to that held by a plant in relation to its 
nutriment-containing environment. 

In animals which seize living prey the mouth is provided 
with sharp holding or tearing teeth, or their equivalent ; those 
which are vegetable feeders, have grinding teeth or their 
equivalent The former is the case with the frog and crayfish ; 
the food of the mussel is so small and soft that it requires no 
such apparatus. In the latter case, by the action of the muscles 
of the jaws the food is torn and ground by the teeth and mixed 
with the saliva, which is poured out from the ducts of the 
salivary glands. The saliva contains an enzyme called Ptyalin^ 
which is capable of converting starch into sugar, and in the 
mouths of such animals as have salivary glands, the digestive 
process begins upon any starch the food may contain. Probably 
a little of the sugar formed is absorbed in the mouth and passes 
into the circulation. The action of saliva on starch may be 
studied in a manner similar to that of diastase on starch, viz. 
with iodine and Fehling's solution. 

The food is swallowed, that is, it is forced through the 
gullet into the stomach, where it comes in contact with the 
gastric juice secreted by the numerous simple peptic glands in 
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the mucous membrane of the walls of that organ. Here it is 
rolled about and thoroughly mixed with the gastric juice by 
the contractions of the muscular walls of the stomach, and 
forms an even and more or less thin paste. 

The gastric juice is a thin watery liquid, containing a small 
amount of free hydrochloric acid and of a ferment, Pepsin, 
which converts insoluble proteids into diffusible peptones. It 
also contains a Rennet ferment, which curdles milk by 
precipitating casein. The stomach of the calf has long been 
used to curdle milk in the manufacture of cheese. In the 
stomach, therefore, the nitrogenous proteids are brought into 
solution, and here also they pass to some extent into the cir- 
culation. In the stomach fats are not in general altered, but 
the proteid framework which holds the fat particles together is 
digested away and the fat set free. 

From the stomach the partially digested food passes into 
the duodenum, where it meets with the bile and pancreatic 
juice. 

The bile is an alkaline pigmented liquid of complex com- 
position. It has no digestive action on proteids ; in fact, the 
peptones produced by gastric digestion are precipitated by the 
bile in the small intestine, and gastric digestion is impossible 
in the presence of bile. It emulsifies fats to some extent, and 
has a powerful antiseptic action. 

The pancreatic juice is a colourless alkaline liquid, which 
unites within itself the digestive power of all the other digestive 
fluids. It readily converts starch into sugar, and proteids into 
peptones, and first emulsifies and then decomposes fats, uniting 
their fatty acids with the sodium carbonate which it contains, 
thus forming soaps. Its proteolytic ferment. Trypsin, is, 
unlike pepsin, active only in the presence of an alkali, and 
there is this further and most important difference between the 
digestive actions of gastric and pancreatic juice on proteids, 
that whereas the former converts them into peptones alone, 
the latter further decomposes them into leucin, tyrosin, and 
other products of decomposition. 

To the action of these juices the food in the small intestine 
is subjected, and the final normal result is that starches and 
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proteids are brought into solution, and fats are emulsified or 
saponified. 

Absorption of the Products of Digestion. — Absorp- 
tion takes place to some extent in the mouth and stomach, but 
mainly in the small intestine. It has been already pointed 
out that beneath the mucous membrane of stomach and 
intestines the minute branches of the blood-vessels and 
lymphatics ramify in great numbers, and there is little difficulty 
in understanding that the soluble products of digestion diffuse 
readily into the vessels. With the emulsified fats this is not 
possible. 

We have seen that the inner surface of the frog's intestine 
is thrown into thin folds and ridges which enormously increase 
the absorbing surface. Into these folds pass anastomosing 
loops of the finest branches of the blood-vessels enclosing 
similar loops of Lacteals, which are the ultimate branches of 
the lymphatics. They are so called because after a meal of 
fatty matter they are found to be full of a milky liquid con- 
taining much fat. 

It is not exactly known how particles of fat pass from the 
intestines into the lacteals. This may take place in one of 
two ways. The columnar epithelial cells which line the 
intestine may take it up as an amoeba takes up solid particles, 
and pass it on to the lacteals. This theory is supported by 
the fact that during the absorption of fat the epithelial cells 
contain many fat particles. Or it may be that the fine pro- 
cesses which project firom the subjacent connective-tissue 
bodies between and beyond the free margins of the epithelial 
cells, may take up the fat and pass it on to the lacteals. 
Whichever is the case, the absorption is no doubt aided by 
the alternate shortening and lengthening of the folds of the 
intestine by the action of the muscle-fibres which they contain. 
The fat reaches the lacteals, whose contents, after passing through 
the glands of the lymphatics, enter the blood-circulation. 

Metabolism. — ^The food which is absorbed from the 
digestive tract and the oxygen taken in by the lungs or other 
respiratory organ constitute the raw material from which the 
animal obtains matter for growth and renewal, and force for 
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movement and heat Constructive metabolism is slight ; the 
material of its food is already constructed. 

Concerning the final products of the destructive metabolism 
of the animal body there is no doubt ; of the whole course 
of metabolism very little is known. The final products are 
chiefly urea, carbon dioxide, and water; the question is where 
these compounds are formed in the body, and what are the 
intermediate stages of the decompositions. It is also open to 
question whether they are all formed by the decomposition 
of protoplasm actually forming part of the living body, or 
whether, as appears probable from our present state of know- 
ledge, some are not formed by the decomposition of matter 
taken as food, and which has never formed an integral portion 
of the animal. 

The blood which comes from the stomach and intestines 
loaded with nutrient matters has to pass through the liver 
before reaching the systemic circulation, and the liver is the 
seat of great metabolic changes. First of all the bile is 
elaborated there and passed into the digestive tract Secondly, 
the liver always contains comparatively large quantities of 
Glycogen, a carbohydrate closely allied to starch in com- 
position and properties, and easily converted into sugar by 
any of the amylolytic enzymes such as diastase and ptyalin, 
and by dilute mineral acids. This glycogen appears to be 
formed and stored up in the liver, small quantities being con- 
tinually converted into sugar and passed into the general 
circulation. Thirdly, since the liver always appears to contain 
urea, it appears probable that urea is formed there, not indeed 
out of the liver protoplasm, but out of the intermediate pro- 
ducts of the decomposition of protoplasm, such as kreatin 
found in the muscles and brain, and leucin and tyrosin formed 
in pancreatic digestion. 

The metabolism in the muscle by which energy is set free 
for active contraction of its fibres is not well understood. 
During the contraction carbon dioxide is liberated in large 
quantity ; but since the muscle will contract when it contains 
no free oxygen, and in an atmosphere devoid of free oxygen, 
the oxidation of the substance by which energy is liberated is 
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not directly brought about by the oxygen carried to it in the 
blood-circulation, but the carbon dioxide must result from the 
sudden decomposition of some substance which is slowly 
stored up in the muscle in the intervals between contraction. 
Whatever is the nitrogenous compound produced at the same 
time, it is not urea, for the amount of urea excreted during 
violent exercise is very little greater than during a period of 
rest It is almost certainly some compound intermediate in 
complexity between proteids and urea, and which is afterwards 
further oxidized to urea in some other organ — perhaps the 
liver. 

The Nervous System. — All the operations and move- 
ments of the body are directed and controlled by the nervous 
system, which sends its branches into every organ of the 
animal. The following short account of experiments on the 
frog must sufficiently demonstrate the functions and properties 
of the chief portions of the nervous system of this animal. 
Some of these the student can himself perform. 

1. A frog whose cerebrum has been destroyed loses all 
power of initiating actions. It moves if pushed or pricked, 
feeds if fed, swims if placed in water, and regains a natural if 
placed in an unnatural position. But if left to itself it remains 
motionless till death. Such a frog has ceased to be automatic. 
Every movement made requires a stimulus from without, and 
every stimulus produces certain movements and no others. 

2. If the optic lobes be also destroyed, the frog loses its 
power of balancing itself, but it can still swim and leap and 
perform other co-ordinated movements. 

3. If the whole brain be destroyed — an operation easily 
performed on a chloroformed frog by severing the spinal cord 
close to the occipital foramen, and then passing a blunt wire 
into the cavity of the brain and stirring it about — the animal 
as an organism is virtually dead, but is still capable of co- 
ordinated movements. If a toe be pinched the leg is 
retracted. If a drop of acid be placed on its flank the hind 
leg is passed over the spot to rub it o£ The brainless 
animal possesses no consciousness, and yet irritation produces 
co-ordinated movements as complicated as may take place in 
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the conscious animal The centre or centres for such Reflex 
Actions must be in the spinal cord. The irritation produces 
some change in the nerve-fibres supplied to the irritated part 
This irritation is transmitted to certain nerve-cells of the cord, 
and as a consequence changes take place in other nerve-fibres 
supplied to certain muscles which cause them to contract in a 
manner proper to escape the irritation. 

4. If the skin at the back of the thigh of a frog be cut 
through, and the sciatic nerve exposed and severed, pinching 
the toes of that leg will now produce no movement in it. If 
the end of the nerve still in connection with the muscles of 
the leg be pinched, the leg is moved, for the irritation set up 
in the nerve-fibres causes the muscles to contract. But no 
reflex action can affect this leg ; the nerves transmit a stimulus, 
but they originate nothing. 



INDEX. 
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ABD 

Abdomen, crayfish, 245, 246, 

255 . 
Abdominal appendages of 

crayfish, 248; ganglia of 

crayfish, 357 
Abducens nerve, 307 
Absorption, 343 ; of^ wrater by 

Mucor, 78 ; of minerals by 

vascular plants, 192 ; of 

gases by vascular plants, 

192 ; of fat, 343 
Absorptivity of protoplasm, 

204 
Acetabulum, 277 
Aconitum napellus, 174, 176 
Acrogenous abj unction, 8z ; 

growth, 90 
Adductor muscles, 226 
Attiantum capiUus Veneris » 

188 
Adventitious branching, 100 
Aerobiotic Bacteria, 63 ; yeast, 

Air-spac^ in stems, 159 

Alse cordis, 253 

Albuminous compounds, 30 

Alcohol, amount produced in 
fermentation, 37 ; deter- 
mination of, 33 ; for harden- 
ing, 18 

Alcoholic fermentation by 
Penicillium, 84 

Aleurone grains, 184 

Alimentary tract, 292^ 

Alternation of generations, 143 

Ambulatory legs of crayfish, 
249 

Amoeba, 201. 202 

Amoeboid ceils of Hydra, 220 

Ampullae, 31 z 

Am^loplasts, 105 

Anaerobiotic Bacteria, 63 ; 
Mucor, 79 ; yeast, 38 

Anatropous ovule, 175 

Androecium, 147 

Ankle, 277 

Annual rings, 156 

Annulus, Aspidium, 135; frog, 

309, 
Anodonta cygnea^ 325, 237 
Antennae, 246, 250 



ARR 

Antennary arteries, 253 

Antennules, 250 

Anterior adductor muscle. 
228 ; aorta, 334 ; retractor 
muscle, 239 ; gastric muscle, 
355 ; visceral nerve, 267 ; 
abdominal vein, 379 

Anther, 147, i6p, 173 

Antheridium of^Characeae, 87, 
94, 97 ; of Aspidium, 138 ; 
of Lamium, 173 

Antherozooids of Characeae, 
96; of Aspidium, 139 

Anthrax, ^\ 

Antibrachium, 167 

Antipodal cells, 1^6 

Anus of Paramaecium, 3x5 ; of 
Vorticella, 311 ; of crayfish, 
348 ; of mussel, 338 ; of^frog, 

29§ 

Aortic arches^ 286 

Apex of stem of Lamium, 163 

Apical cell of Characeae, 90 ; 

of stem of Aspidium, 126: 

of leaf of Aspidium, 126 ; of 

root of Aspidium, 132 
bud of Aspidum, 114 ; of 

Lamium, 145, 162, 163 ; of 

Characeae, 85 
papilla of Aspidium, 116, 

125, 126 
Apogamy in Characeae, 85 ; 

in ferns, 143 
Apospory in ferns, 144 
Apparatus for dissections, 4 
Appendages of the crayfish, 

246-3^3 
Appendicular skeleton of frogi 

274 
Aqueduct of Sylvius, 304 

Aqueous humour, 31^. 

Archegonium of Cnaraceae, 
87, 94, 98; of Aspidium, 
Z38, 138; of Lamium, 177 

Archesporium of Aspidium, 
135 ; of Lamium, 171, 177 

Archinephric duct, 338 

Arrangement of leaves of 
Characeae, 91, 92 ; of As- 
pidium, Z15 , of Lamium, 
146 



BAC 

Arterial system of the cray- 
fish, 353 ; of frog, 383 ; 
blood, 386 
Arteries, structure, 280 
Artkrobacterium viride^ 63 ; 

chlorinum, 6^ ; acetic 68 
Arthrobranchis, 353, 258 
Arthrodial membrane^ 346 
Arthrosporous Bacteria, 65 
Articulation of segments, 347; 

of vertebrae, 374 
Arytenoid cartilages, 391 
Ascogenous hyphae, 83 
Ascospores of yeast, 42 ; of 

Penicillium, 82 
Ascus of yeast, 42 ; of Peni- 
cillium, 83 
Asexual reproduction of Mu- 
cor, 76; of Hydra, 333 
Aspidium FiliX'tnaSy zi3, 
118, 142 ; var. cristatutHt 

»43 
Astacus flfwiatilis, 248, 246, 

249, 254 
Astragalus, 277 
Athyrium Filix-femina^ var. 

clarissifHOt Z44 
Atlas bone, 370, 373 
Atrium, 38z, 385 
Auditory sac of the crayfish, 

263; of the mussel, 340; 

nerve of the crayfii'h, 363 ; 

of the frog 307 ; canal, 313 ; 

setae of the crayfish, 36^ ; 

aperture of the crayfish, 

353 
Auricles of the mussel, 334 ; 

of the frog, 385 
Auriculo-ventricular aperture, 

385 
Automatic movements, 303 
Axjle placentation, Z74 
Axis cylinder, 337 
Azygospores of Mucor, 77 

Bacilli, 60 

Bacillus anthracis, 63, 71 ; 
butyricufH, 63 ; tnegate^ 
riufHt 64 ; subtilist 64 ; 
virenSf 6s 

Bacteria, 59 
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BAC 

Bacteriopurpurin, 63 

Basal cell oi De Bary, 88 ; of 
archegonium of Aspidium, 
139 ; node of leaf of^Chara- 
ceae, 9a 

Basidia, 8x 

Basipodit^, 348 

Beggiatoa reseopersicina, 63 ; 
a/(3a, 66,.e7 

Bell aDimalcnle, 314 

Bile, 396, 343 ; ducts of cray- 
fish, 356 ; of irog, 394 

Bipinnate leaf, xis 

Bipolar cells, 338 

Bladder of frog, 379, 399 

Blastopore, 333 

Blood of mussel, 336 ; of cray- 
fish, 35^ ; of frog, 388 

Body cavity, 374, 333 

Bone, 370, 333 ; corpuscles, 333 

Bony labyrintn, 3x0 

Bordered pits, 133 

Bowman's capsules, 399 

Brachial vein, 383 ; nerve, 
308 \ plexus, 308 

Brachium, 367 

Bracts, 97 

. Brain, 302-304 

Branchiae, 353, 337 

Branchial chamber, ssS, 346 ; 
filaments, 358 ; clefts, 335 ; 
arches, 335 

Branching of roots, 116, 117; 
of Characeae, 93 

Branchio-cardiac groves, 346 

Branchiostegites, 346 

Brewer's yeast, 37 

Brittle worts, 86 

Buds of Hydra, 318, 333 ; of 
Aspidium, 117 ; of Lamium, 
146 

Bundle system in stem of 
Aspidium, 116; petiole of 
Aspidium, 117 ; stem of La- 
mium, 149, 150; hypocotyl 
of Lamium, 188, 189 ; stalk 
of the cotyledon of Lamium, 
188 

Butyric fermentation, 69 

Byssus, 341 

CiGCUM, 355 

Caloineum, 376 

Calcium oxalate crystals, 184 

Callus, x6o 

Calyx of Lamium, 146, 168 

Cambium, 153, 154, 165 

Camera lucida, 15 

Campylutropous ovule, 175 

Canaliculi, 334 

Cane-sugar, 34 

Capillaries, 358, 291 

Capitula — antheridium of 
Chara, 96 

Carapace, 345 

Carbohydrate, 39, 340 

Carbon dioxide — amount pro- 
duced in fermentation, 37 



coc 

Cardiac ossicle, 355, 360; 
chamber, 355 

Cardio-pyloric muscle, 355 

Carotid arch, 383 ; gland, 383 ; 
artery, 383 

Carpopodite, 349 

Carpus, 376 

Cartilage, 821 

Cartilaginous bone, 70 

Casein, 30 

Cauda equina, 308 

Cell, 37 ; wall, 37 ; sap, 37 ; 
contents of Characeae, 102 ; 
plate, 108 

Celloidin, 30 

Cellulose, 39 ; reactions of, 47 

Central cylinder, stem of 
Lamium, 153 ; root of La- 
mium, 164 ; canal, 305 

Cephalic appendages, 260 

Cephalo-thorax, 345 

Cerebellum, 303 

Cerebral ganglia, 338, 239 ; 
commissure, 339 ; hemi- 
spheres, 303 

Cerebro • olfactory commb- 
sure, 339 

Cerebro-pedal commissure, 

239 

Cerebro-spinal axis, 30X 

Cervical groove, 345 

Chalaza, X75 

Chambered cells, 134, 157 

Chora ttspera^ 101 ; crinitay 
88, 90, 93, 94, 99 ; fcetida, 
88, 93, 108 \/ragtlis, 85, 86, 
91, 92, 93, 96, 98 ; hispida, 
87 ; intermedia, 99 

Characeae, 85 

Chelae, 349 

Chlorophyll corpuscles, 56, 
X37, 330, 333 ; composition 
^C 57 ! decomposition of 
carbon dioxide by, 86 

Chloroplasts, X05 

Choroid plexus, 303 ; coat, 314 

Chromatophores, 45 

Chromic acid for hardening. 18 

Cilia of Paramaecium, 214 ; of 
Vorticella, 309, 213; of 
Mussel, 330, 233; of Pro- 
tococcus, 48 ; of Bacteria, 
63 

Ciliated epithelium, 393, 330 

Circinate vernation, X17 

Circulation in the crayfish, 
358 ; in the frog, 386 

Clavicles, 374 

Cloaca, 280, 295 

Cloacal chamber of MusseT, 
338 ; aperture of Frog, 268, 
395 

Closed vascular bundles, 156 

Clostridium biityricumy 69 

Cnidoblasts, 33 x 

Cnidocil, 33i 

Cochlea, 313 

Cochlear canal, 313 



CUT 

Coelenterata, 339 

Cceliaco-mesenteric artery, 
384 

Coelom. 379, 333 

Coelomata, 339 

Collar, 76 

Collateral bundles, 153 

CoUenchyma, 153, 163 

Colloids, 48 

Colourless blood-corpuscles, 
307 

Columella, 7$; auris, 3x0 

Columnar epithelium, 320 

Companion cells, X3x 

Compound microscopiSe, 5-X6, 
12 

Concentric bundles, 121 

Conducting tissue of Lamiuoi, 
x8x 

Conduction in Penicillium, 83 

Conjugation — Mucor, 77 ; 
Vorticella, 3t 1,313; Para- 
maecium, 315 

Connecting threads, 108 

Connective tissue, 331, 82?, 
323 

Constructive metabolism, 30, 
304, 344 

Consumption, 71 

Contractile vacuole of Amoe- 
ba, 303 ; of Protococcus, 47 ; 
of Paramaecium, 3x5; of 
Vorticella, 31 x 

Contractility of protoplasm, 
203 

Coracoids, 374 

Cork, 156, 157 ; cambium, 157 

Cornea, 361, 314 

Corolla of Lamium, 147, x68 

Corpuscles of blood, 288 

Correlation of structure with 
function, 197 

Cortex of stem of Lamium, 
X49, 151 ; of root of Lamium, 
X63 

Cortical parenchyma of Aspi- 
dium, XX4 ; of Lamium, 153 

Cortication, Characeae, 86, 93 

Cotyledon of Aspidium, 140 ; 
of Lamiitm, 183, 188 

Coxopodite, 348 

Cranial nerves, 305 

Cranium, 370 

Crayfish, 243 

Cricoid cartilage, 291 

Cros9>fertili7^tion, 199 

Crown of archegonium, 87 

Crura cerebri, 304 

Cms, 367 

Crystalline lens, 314; pyra- 
mids, 361 

Crystalloids, 48 

Cutaneous vessels, 378 ; pec 
toral muscles, 378 ; vein, 
383; artery, 384 

Cuticle of Aspidium, 139; 
Paramaecium, 21^ ; Vorti* 
cella, 3XO ; crayfisn, 244 
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CUT 

Cutb, 319 

Cyclosis, 3IX, 3x3, 2x5 
Cyst 304t 3XX 
Cyftic ductf 3^6 
Cytoplasm, 46 

Dactylopoditb, 249 

Dead nettle, 145 

Dehiscence of anther, X73 

Deltoid crest, 376 

Dentine, 393 

Dermatogen, x63 

Destructive metabolism, 31, 
305 

Development of the antheri- 
dium of Aspidium, 135 ; of 
Characese, 95 ; of the leaves 
of Aspidium, X13; of the 
flower of Lamium, 167, x68 ; 
of the embryo-sac, X77 ; of 
the ovule, X79 ; endosperm, 
183, 184 ; stomata, 187 : an* 
ther, 170, 171, 173 ; of the 
crayfish, 864 

Diarch root, 131 

Diastase, 106 

Diffusion experiments, 40, 60 

Digestion, 341 

Digestive duct, 337, 360, 395 ; 
tract, 34X 

gland of the mussel, 837 ; 

of the crayfish, 359, 300 

— - system of the mussel, 
337, 238; of the crajrfisb, 
359, 260 ; of the frog, 393 

Digits, 267, 368 

Dioecism, 94 

Diphtheria, 71 

Direct nuclear division, X09, 

3X5 

Disc of Vortioella, 309 
Dissecting microscope, 3 
Distillation, 3^ 
Dorsal abdommal artery, 253, 

355 ; aorta, 384 
Drawing dissections, 5 
Duodenal vein, 382 
Duodenum, 280, 294 
Dura mater, 302 

Ear, 309 ; bones, 812 

Eau de Javelle^ 29 

Ecdysis, 244 

Ectoderm of Hydra, 218, 2x9 

Ectosarc of Amoebai, 201 ; of 
ParamaBcium, 214 ; of 
Vorticella, 21 x 

Edible frog, 261 

Egg-apparatus, X77, 180 

Egg-cell of Characes, 09 ; of 
Aspidium, X39; of La- 
mium, 176 
t Elastic ligament, 226; fibres, 
332 

Embryo of Aspidium, 140, 141; 
of Lamiiun, 182, X83 

Embryo-sac, 177 

Enamel, 393 



FAT 

Encystment, 304, 3ix, 3x3 
Endoderm of Hydra, 3x8, 330 
Endodermis of Aspidium, 119, 

188 ; of the stem of Lamium, 

X 5 1-168, 164 : of the root of 

Lamium, 103 
Endogenous formation of 

spores, 65; production of 

roots, 166 
Endolymph, 3x0 
Endopodite, 348 
EndosarCj 49; of Amoeba, 

3ox ; of Vorticella, 311 ; of 

Paramecium, 215 
Endoskeleton, 268--270 
Endosmomcter, 51 
Endosperm, 177, \^\ 
Endosporous Bacteria, 65 
Enteron, 224 
Enterozoa, 224 
Enzyme, 39, xo6, 196 
Epencephalon, 302, 334 
Epiblast, 332 
Epibranchial arteries, 336 
Epicoracoids, 274 
Epicotyl. 183 
Epidermis of Aspidium, xi8, 

X26 ; of Lamium, X52 ; of 

frog. 319 
Epimera, 246 
Epjpodite, 250 
Epistemum, 274 
Epithelium of frog, 3x9; of 

the intestine of the mussel, 

338 
Erysipelas, 7X 
Eurotiutn repent^ 88 
Eustachian tubes, 369, 3x0 
Excretion, 3X 

Excretory system, 361, 297 
Exhalent siphon, 227 
Exoccipital bones, 270 
Exodermis — Aspidium^ X3x ; 

Lamium, X63 
Exopodite, 248 
Exoskeleton — mussel, 225 ; 

crayfish, 245 
Exosmose, 49 
Exospore, 136 

Expulsion of polar bodies, 33X 
Extensor abdominis muscle, 

255 
External nares, 268 ; jugular 

vein, 281 ; rectus, 3x7 ; 

branchiae, 335 
Eyeball of frog, 3x4 
Eyelids, 3x7 
Eye of crayfish, 26X, 268 ; of 

frog. 3x4, 816 
Eye-stalks, 252 

Facb bones of the frog, 27X 
Facial nerve, 307 ^ 
Facultative parasites, 63 
Fat bodies of the frog, 280 

in cells of Mucor, 75 ; of 

Penicillium, 81 ; of thesper- 
mocarp of Characese, 87 



GAS 

Fatal temperature for yeast, 

39 ; for Amoeba, 304 
Fats as food, 340 
Fehling's solution, 34 
Female pronucletis, 33X 
Femoral vein, 283 
Femur of frog, 267, 277 
enes 

313 



ilis. 



Fenestra ovalis, 310 ; rotunda, 



Ferment — organized, 38 ; un- 
organized, 39 

Fermentation, 27, 32, 33 ; in 
absence of oxygen, 37 ; in 
absence of Ugnt, 39 

Fermentative action of Bac- 
teria, 62 ; of Mucor, 78 

Fertilization, 33X ; of Lamium, 
181. 384 

Fibrin, 30 

Fibrous layer - anther of 
Lamium, X70 

Field work, x 

Filament of Lamium, X69 

Filum terminale, 303 

Fission fungi, 59 

of Vorticella, 3xx; in 

cell of Protococcus, 47 ; in 
Amoeba, 305 ; in Bacteria, 

64 
Flacheriet ji 
Flagellum, 220 
Flexor abdominis muscle, 

256 
Flower of Lamium, 146, 147, 

148 
Foliar gap, xx6 
Food of Amoeba, 204; vacu* 

oles of Amoeba, 202 ; of Pa- 

ramaecium, 215 ; of Vorti* 

cella, 21 X 

stuffs, 340 

Foot of embryo <^ Aspidium, 

140 
of Hydra, 2x8; of the 

mussel, 227, 231 
Footstalk of Aspidium, xx3 
Foramen magnum, 270; ovale, 

37X ; of Munro, 304 
Forest, 355 
Fore legs of frog, 367, 376 
Fourth ventricle of the brain, 

303, 30A 
Fowl cnolera, 71 
Fragmentation of the nucleus, 

X09 
Free cell formation, 43 
Free SMrimming form of Vorti- 
cella, 3X3 
Fro^f, 365 

Fruit of Lamium, X85 
Fuchsine, X33 
Fungus cellulose, 39 
Funide, 175 

Gall bladder, 396 
Gametes, 77, 83, 3x5 
Gametophyte, 90, X43 
Gasserian gai:^lia, 305 
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GAS 

Gastric mill, 359; vein, 982; 
artery, 384 ; juice 293, 341 

Gastroliths, 360 

Generative nucleus, 172 

Genital aperture of mussel, 
241 ; of crayfish, 249 

Gentian violet, 6z 

Geotropism, 73 

Germinal cells, 300; vesicle* 
330; sptot, 330 

Germination of spores of 
Bacteria, 67; Mucor, 77; 
Aspidium, 136; of zygo- 
spores of ^fucor, 77; of 
spermocarp of Characeae, 
88 ; of seed of Lamium* 186 

Gill, 350-353 ; structure of, 
233 

plates,228-23o; filaments, 

231 ; chambers, 246 

Girdle bone, 371 

Glands of LieberkQhn, 295 

Glenoid cavity, 376 

Globulins, 30 

Glochidium. 241 

Glomerulus, 298 

Glossopharyngeal nerve, 307 

Glottis, 26$ 

Glucose, 34 

Glycogen, 75, 344 

Goblet cells, 320 

Gonads. 240 

Gonidia, 81 

Gonidiophore, 81 

Granulose. 105 

Grape sugar, 34 

Green gland, 256 

Ground substance, X14 

Growing point of Chara,^ 91 ; 
Aspidium, 116; Lamium, 
162 

Growth, A 

Guard cells, 127 

Gullet, 268 

Gymnopodal branches, 100 

Gynobasic style, 181 

Gynoecium, 147 

HiCMATOCOCCUS, 45 

Hamatoxvlin, 46 

Haemoglobin, 288 

Hairs of Lamium, 151, 152 

Harderian gland, 318 

Haversian canals, 388 

Hay infusion, 59 

Head kidney, ^38 

Heart of mussel, 231, 234,836; 
of crayfish, 253; of frog, 
370, 381, 285, 887, 289 ; de- 
velopment o\ 336 

Heat set free in fermentation, 
36; efTect of, on Bacteria, 
63. 64 

Heliotropism, 73 

Hepatic arteries of crayfish, 
253 ; of frog, 284 ; vein, 282 ; 
portal vein, 282 

Hilum of starch-grain, 105 



LAC 

Hind-gut, 256 
Hind legs, 267, 277 
Humerus, 274, 824 
Hyaline cartilage, 270, 381 
Hydra viridis, 817, 819, 888 
Hydrolysis, 39 
Hydrolyst, 39 
Hydrotropism, 73 
Hyoid, 273, 279 
Hyoidean arch, 337 
Hyphae, 73, 81 
Hypoblast, 333 
Hypocotyl, 183, 188, 189 
Hypoglossal nerve, 307 

Iliac bones, 269, 274, 277; 

veins, 283 ; arteries^ 285 
Illumination of the object, 10 
Impregnation of oospbere of 

Aspidium, 140 
Incus, 312 
Indifferent line, 102 
Indirect nuclear division, 108, 

215 
Indusium, tx2, 135 
Infusion of hay, 59 
Inferior rectus muscle, 317 ; 

oblique muscle, 318 
Ingestion of food, 3zs 
Inhalent siphon, 227 
Initial cell of stoma, 187 
Innominate vein, 281 
Integuments of ovule. 175 
Intercalary growth, 97 
Intercelhilar spaces, 1191 187, 

169 
Interlamellar junctions, 232 
Interlobular veins, 296 
Intermaxillary glands, 293 
Internal glands, 119; nares, 

268 ; jugular vein, 281 ; ear, 

3x0; rectus muscle, 317; 

branchise, 337 
Intemodes of Characeae, 85 ; 

of Lamium, 148, 149 
Interrenal aperture, 237 
Interstitial cells, 219, 220 
Intestine of mussel, 237 ; 

crayfish, 256J frog, 279 
Intracellular digestion, 222 
Intralobular veins, 296 
Iodine solution 29 
Iris, 314 

Irritability of protoplasm, 203 
Ischiopodite, 249 
Ischium, 277 

Karvokinbsis, 33s 
Kidneys of mussel, 234, 886 ; 

of crayfish, 256 ; of frog, 

282 297, 898 
Kreatin, 344 

Labial palps, 330 
Labrum, 259 

Labyrinth, 309, 811, 812, 313 
Lachrymal duct, 318 
Lacteals, 295, 343 



MEM 

Lactic fermentation, 69 

Lacunae, 236 

Lamina terminalis, 303 ; spira- 
lis, 3«3 

Lamium album, 245 

Large intestine, 295 

Larynx, 268, 373, agx 

Lateral ridges, Z12; roots of 
Lamium, origin of, 166; 
ventricles, 304 ; plate, 333 

Leaf of Characeae, 85, 92 ; 
of Aspidium, 113, 127 ; of 
Lamium, 146, 146, 162 

trace of Aspidium, 1x4 ; 

of Lamium, 150 

Leaflet of Characeae, 87, 92 

Lenticels, 157 

Leptothnx, 60 

Leucin, 70, 344 

Leukoplasts, X05, xio 

Levator muscle, 31^ 

Lieno-intestinal vein, 283 

Ligament of the muscle, 287 

Lignin, Z2Z 

Lines of growth, 226 

Lingual artery, 283 

Lip-cells, 136 

Liver-cells, 896 

Liver of mussel, s^x, 237 ; of 
crayfish, 355 ; of frog, 379, 

, 296, 335 

Loculus of anther, 170 
Lungs, 280, 29X, 292 ; circula- 
tion in, 285; development, 

335 
Lychnothamnus stelligery 100 
Lymph, 288, 289; cavities, 

278 ; hearts, 269, 289 

Maceration mixture, 124 
Macrococcus, 60 
Macrosporangium, 177 
Macrospore, 141, X77 
Male pronucleus, 331 
Malic acid, X40 
Malleus, 3x2 
Malpighian capsules, 299 
Mandibles of crayfish, 250 ; 

of frog, 272 
Mandibidar muscles, 255 
Mannitic fermentation, 68, 69 
Mantle, 228; lobes. 230 
Manubria, 96 
Manus, 26^ 
Maxillae of^frog, 272 ; ofxray- 

Maxillipedes, 249 
Maximum temperature ' for 
fermentation, 34; for ger- 
mination of Penidllium 
spores, 82 
Mayer's nutrient solution, 3X 
Medulla, X53 ; oblongata, 303 * 
Medullary rays, 149; sheath, 

327 
Medial crest, 276 
Meganudeus, 2x5 
Membranous labyrinth, 3x0 
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MER 

Merjcarp, 183, 184 

Meristem, 139 

Meropodite, 249 

Mesencephalon, 303, 334 

Mesenteric artery, 284 

Mesenteron, 332 

Mesentery, 279 

Mesoblast, 333 

Mesoblastic plates, 333 

Mesonephros, 338 

Mesophjrll, 128 

Mesorchjum, 999 

Mesovarium, 300 

Micrococcus ^ 60; vaccina ^ 71 

Mjcrogonidia, 212 

Micrometer, 14 

Micromillimetre, 14 

Micronucleus, 215 

Micropyle, 175 

Microsomata, 62 

Microsporangium, 173 

Microspore, 141, 173 

Microtome, 19 

Microzooic^, 212 

Middle layer of cell-wall, 10 1 

Mid-gut, 955, ^32 

Migratory nucleus, 915 

Minimum temperature for 
spore germination, 82 

.Modiolus, 313 

Monoecism in Characeac. 94 

Monotropa kypo^tySt 176 

Mother-cell of stoma, 187 

Motion of Bacteria, 62 ; of 
Vorticella, 913 

Motor oculi, 303 

Mounting media, 22 

Mouth of Hydra, 218; of 
Anodonta, 931 ; of crayfish, 
25^; of frog, 268, 992 

Mucilage, x8z 

Mucilaginous cell-wall, 28 

Mucor, 2^ \ /usiger 77; mu- 
cedOf 73, 74, 78 ; ractmosus, 
78 ; stoiont/er, 78 ; tenuisy 
jj ; in alcoholic ermenta- 
tion, 78 

Mueus cells, 320 

MuUer's fluid, 17 

Multipolar nerve-cells, 328, 

330 
Muscle, 324 ; fibre of Vorti- 
cella, 2x0 
■Muscular contraction, 344 
Mycelium of yeast, 41 ; of 
Penicillium, 8x ; of Mucor, 

Mycoderma acetit 68 
Mycoprotein, 6x 
Myelencephalon, 334 
Myelon, 3^4 

Mylo-hyoid muscles, 278 
Myophan layer, 210 

Naked - footed branches, 

100 
Nasal cavity, 271 ; bones, 

972 ; organs, 318 



OST 

Neck canal-cell, X40 
Nectary, 173 
Nematocysts, 2x9, 281 
Nephridia, 234 
Nerve, 376 ; cells, 223, 398 ; 

trunks, 30X 
Nervous system of mussel, 

938, 240 ; of crayfish, 956 ; 

of frog, 30X, 306; develop- 
ment, 334 
Neural folds, 333 ; arches, 

334; gnwve, 333; plate, 

333 : canal. 333 
Neurilemma, ^97 
Neuro-muscular cell, 2x3, 220 
Nictitating membrane, 3x7 
mtella JlexiliSy 94, 96, 98, 

102, 107, 109 
Nitrogen waste, 26x 
Nodes of Characeae, 85 ; of 

Ranvier, 327 
Non-meduliated nerve, 327 
Notochord, 333 
Nuclear plate and spindle, 

xo8 ^ 
Nuclein, 46 
Nucleolus, 46, X07, 202 

Nucleus, 46, X06, X75, 202, 2XT, 

2x5 ; reaction of, 107 
Nursing of embryo, X84 
Nutrition, 62, 194, 195, 212, 

222, 223, 340 

Obligate parasites, 63 
Occipital condyles, 270* 273 

foramen, 970 

CEsophagus of mussel, 937 ; 

crayfish, 255; frog, 268, 

992 
Oil in endosperm of Lamium, 

X85 
Olfactory ganglia, 240 ; lobes, 

303; nerves, 27 X, 305 ; setae, 

963 
Omostemum, 974 
Oophyte, X42 
Oosphere of Characeact 99; 

Aspidium, 133, 139; Aco- 

nitimu \^^ ; Monotropa, 

X76 ; Lamium, 180 
Oospore of Characeae, 87, 99 ; 

Aspidium, X40 ; Lamium, 

182 
Opercular membrane, 337 
Ophthalmic artery, 253 
Optic chiasma 303 ; foramina, 

27 X ; lobes, 303 ; nerves, 

96x, 305, 3x4 ; thalami, 304 
Oral groove, 2x4 
Orbit of frog, 272 
Organ of Corti, 3x3 
Organized ferment, 38 
Ortnotropous ovule, X75 
Os cruris, 277 
Osmic acid, 81 
Osmosis, 35 
Osteoblasts, 323 
Ostia, 253 



PHL 

Otolith, 240, 3x0 

Ovarian veins 282 

Ovary of Lamium, 147, 178, 
179 ; of Hydra, 223 ; of 
mussel, 240; of crayfish, 
254, 264 ; of irog, 280, 288, 
800, 330 

Oviducts of crayfish, 249, 254 ; 
of frog, 280, 300, 330 

Ovisacs, 264 

Ovule, X47, 180 

Ovum, 330 ; of Hydra, 223 ; 
of mussel, 241 ; of crayfish, 
264 ; of frog, 300, 330 

Packing cells, X2i 
Palatine bone, 272 
Palisade cells, x6x 
Pallial line, 228 
Pancreas, 280, 397, 335 
Pancreatic ducts, 297 ; juice, 

342 
Paraffin for imbedding, 21 
Paramecium aureiiaf 210,814 
Paranucleus, 2x5 
Para-oesophageal connections, 

257 
Parasites, 63 

Parasphenoid, 271 

Parenchyma, XX9 

Parieta\ placentation, 174 

Parieto-frontal bone, 271 

Parie'-o-splanchnic ganglia, 

240 
Parthenogenesis^ 77, xoo 
Partial cell-division, 42 
Pasteur's solution, 40 
Pearly inner layer, 299 
Pectoral muscles, 278 
Pedal ganglia, 239, 240 
Pellicle, 59 
Pelvic vein, 283 
Pelvis, 277 
Penicillium, 80 
PemdUium giaucum, 81 
Pepsin, 342 
Peptones, 30 
Perennial plants, xox 
Pericardium f mussel, 93X, 

234; craynsh, 253; frog, 

Pencarp, 88, 185 
Pericycl* — Aspidium, 

iMimium, 1^2, 158, X64 
Periganglionic gland, 309 
Perilymph, 3xx 
Periostracum, 229 
Peristome, 909, 2x8 
Peritoneum, 279, 323 
Peroneal nerve, 308 
Pesj 267 
Petiole of Aspidium, xz2, 117 ; 

of Lamium, 150, 160 
Phalanges, 277, 278 
Pharynx, 209, 2x4 
Phaseolus vulgaris ^ 174 
Phellogen, X57 
Phloem, X20, 153, X54, X64 
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PIA 

Pia mater. 301 

Picric add, 18 

Pigment spot, 48 

Piuferous layer, 129, 163 

Pineal body, 303 

Pinna, xia, 311 

Pinnule, iza 

Pith, 114, 140, TS3, 164 

Pituitary body, 303 

Placenta, 135, 174 

Plasmolysis, 46, 51, 62 

Plastids, Z05 

Plastin, 30 

Pleura, 346 

Pleurobranchiae, 352,^ 958 

Pleuroperitoneal cavity, 379 

Plumule, 183^ 

Pneumogastric nerve, 307 

Podobranchiae. 253, 258 

Polar bodies, 331 

Pollen, 171, 173, 178 ; mother- 
cells, Z7z; tube, Z72 

PdysHchum attgularet 144 

Pond mussel, 225 

Portal circulation, 288 

Postcaval vein, 282 

Posterior adductor muscle, 
228 ; retractor muscle, 229 ; 
gastric muscle, 355 ; aorta, 
234 ; visceral nerve, 257 

Post-ocsophageal ganglion, 
257 

Potassium hypochlorite, 142 

Prc-aryenoid cartilages, 29Z 

Precaval veins, 284 

Precoraoeids, 275 

Premaxillary bones, 27 z 

Pre-ceso^hageal s^nglion, 257 

Prej^ation of objects for the 
microscope, z6 

Prepyloric ossicle, 260 

Preservation of living speci- 
mens, 2 

Prismatic layer, 239 

Processes of the vertebrae, 373 

Proctodaeum, 356 

Proembryo of Chara, 89; of 
Lamium, 182 

Promycelium, 77 

Pronephros, 338 

Pronucleus, 215 

Pro-otic bones, 271 

Propodite, 2^9 

Prosencephalon, 303 

Proteids, 30, 87, 340 

Prothallium of Chara, 89; 
of Aspidium, Z36, 1S7 ; of 
Lamium, Z73, Z77 

Prothalloid brancnes, zox 

Protococcus, 46, 47 

ProtophloSm, i3z 

Protoplasm, 27, 30, 45, Z96, 
340 

Protopodite, 248 

Protoxylem, Z25 

Protozoa, 2Z3, ^39 

Protractor pedis, 229 

Pseudopodia, 203 



ROO 

Pterocardiac ossicle, 260 

Pttru serrulata^ Z43 

Ptery^^oid, 27X 

Ptyahn, 34Z 

Pubis, 377 

Pulmo-cutaneous arch, 284 

Pulmonary artery, 284 

Punctum vegetationis, xz6 

Pupil, 314 

Putrefaction, 70 

Pyloric chamber, 255 ; ossicle, 

355, 260 
Pylorus, 293 

QUADRATO-JUGAL boue, 272 

Radial nerve, 308 

Radicle, Z83 

Radio-ulnar bone, 276 

Ramenta, zx2, Z26 

Regna temPorariaf 265, 266 ; 
escuienta, 265 

Raphe, Z7S 

Reagents, 24, 25 

Receptacle, Z67 

Receptaculum seminis, 298 

Receptive spot, Z40 

Rectum, 234, 233, 280 

Rectus abdominis muscle, 278 

Recurrent fever, 7Z 

Reflex actions, 346 

Rejection nuclei, 2x5 

Rejuvenescence, 2x2, 2x6 

Renal aperture—mussel, 233 ; 
crayfish, 251 ; organ — 
mussel, 83S; crayfish, 256 ; 
frog, 297 ; veins, 282 ; 
arteries, 299; portal vein, 
282, 283, 299 

Rennet, ^42 

Reno-pericardial slits, 236 

Reproduction — yeast, 41; Pro- 
tococcus, 47 ; Bacteria, 65 ; 
Mucor, 74; Penicillium, 8x, 
82 ; Characeae, ^5 ; Aspi- 
dium, Z33 ; Lamium, 167 ; 
Amceba, 205 ; Paramaecium, 
2x5 ; Vorticella, 2xx ; Hydra. 
227 ; mussel. 240 ; crayfish, 
263 ; frog, 330 

Reserve material, 3X, zzo 

Respiration, 36, 212, 252, 269 

Respiratory cavity, 129 ; 
system of frog, 291 

Retina, 316 

Retractor muscle, 3x8 

Rhiz<^enic cells, Z30 

Rhizoids of Characeae, 86 ; 
of the prothallium of Aspi- 
dium, X37 

Rhizapus nigricans, 76 

Rind of Aspidium, 117, iz8, 
119 

Rods and cones, 3x6 

Root hairs, X30, X94; apex, 
x^x, 132, 166, Z67 ; cap, Z32. 
166 

Root-node— Characeae, 89 



SPE 

Root of Aspidium, xz6, 129, 
180, 181; of Lamium, 163, 
164 

Rotation of protoplasm, 103 

Saccharomycbs 27 ; elli^ 
soideust 42 ; Pastorianus, 
42, 43 ; mycodertna^ 43 : apt- 
culatust 48; aihicans, 44; 
cerevisiiF^ 28 

Saccule, 3x0 

Saliva, 341 

Saprophyte, 63 

Sarcolemma, 324 

Scala vestibuli, 3x2 ; t3rmpani, 
3x3 ; media, 3x3 

Scalariform tracheides, X33 

Scaphocerite^ 351 

Scaphognathite, 250 

Scapula. 276 

Schizomycetes, 59 

Schulze's fluid. X7, 47 

Sciatic nerve, 283, 308 ; artery, 
285 ; plexus, 30^ 

Sclerenchyma, X19, 131 

Sclerotic coat, 314 

Secondary growth in thick- 
ness, 155, 156, 165, x66; 
wood, 158; nucleus, Z76, 
Z83; sexual characteristics, 
24^, 248. 249 

Section cutting, Z7-32 

Seed, X85, 186 

Segmental sheath, 334 ; duct, 

338 

Segmentation of the ovum, 
%xi ; cavity, 332 

Self-fertilization, 1x9 

Semicircular cana s, 3x0 

Seminiferous tubes, 259, 330 

Sensory epithelium, 32X 

Septicaemia, 71 

Septicides, 70 

Setae, 246 

Sexual organs— Mucor, 76, 
77 ; Penicillium, 82 ; Cha- 
raceae, 87 ; Aspidium, Z38 ; 
Lamium, X46, Z47 ; Hydra, 
218, 223 ; mussel, 23Z, 240, 
a^x ; crayfish, 263 ; frog, 330 

Shell of mussel, 226 

Shin-bone, 277 

Shoulder-girdle, 274 

Sieve tubes, X2X, Z54, 169 ; '• 
areas, Z23 

Simple microscope, 3 

Sinus venosus, 28 z, 286 ; 
superior, %ti 

Siphons of the mussel, 227 

Skeleton of frog, 269, 275 

Skull, 270, 272 

Small intestine, 394, 296 

Solar plexus, 309 

Sorus, 1Z2 

Spermatic veins, 282 

Spermatoblasts, 330 

Spermatozoa, a2X, 24Z, 263, 
300, 330 
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Spermocarp. 87 

Sphenethmoid, 271 

Spinal cord, 301, 3oa> 305> 
•329 ; nerves, 307, 308 

Spindle fibres, xoS 

Spines, 86 

Spiral tracheides, 124 

Spirillum* 60 

Spirochaete, 60 

Spleen, 280 

Spongy parenchyma, 161 

Sporangia, 72, X13, 134, 185 

Sporangiopnores, 73 

Spore-mother-cclls, 135 

Spores — Bacteria, 65 ; Mucor, 
72; PeniciUium, 80; Aspi- 
dium, Z34, 136; Vorticella. 

3X3 

Sporocarp, 83 
Sporophore, 8x 
Sporophyll, xi3, 173 
Sporophytc, 143 
Sprout'^ells, 41^ 
Sprouting fungii 27 
Squamosal bone, 27X 
Squamous epithelium, 320 
Staining fluids, 22 
Stamens, 147 

Starch, reaction of, 46; con- 
version of, into sugar, 105 ; 
f grains, 104; cellulose, Z05; 
ormers, xxo 
Stationary nucleus, 3x5 
Stapes 313 
Stem-node, prothaltium of 

Characes, 89 
Stem of Aspidium, 1x4 ; of 

Lamium, 145, 149, 162, 167 
Sterigmata, 8t 
Sternal artery? 253, 256; 

sinus, 256 
Stemo-radial muscles, 378 
Sternum, 246, 274 
Stigma, 181 

Stipules of Characeae, 86, 93 
Stomach of mussel, 237 : of 

crayfish, 269 ; of frog, 380, 

293, 2W 
Stomata, 127, X28 129, 160, 

187; development, 187 
Stomatodaeum, 255 
Stone worts 86 
Striated spindles, 36 c 
Striped muscle, 324, 825 
Style of Lamium, 181 
Subclavian vein, 282 ; artery, 

284 
Submaxillary muscles 278 
Subscapular vein, ?8x 
Subsidiary cell, 187 
Sub-vertebral lymph' space, 

282 
Sunlight necessary for green 

plants, 54 
Supericx' rectus muscle, 317 ; 

oblique muscle, 3x7 
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Supporting lamella, 318, 221, 



Supra-branchial diamber, 228, 
233 

Suprascapula, 276 

Suspensorj X83 

Suspensonum, 272 

Swan mussel, 225 

Symmetry of flower of La- 
mium. X46 ; of crayfish, 245 

Sympathetic system, 301, 309 

Synergidae, X76, X77 

Systemic arch, 384 

Tactile setae, 363 

Tapetum, 135, 170, 177 

Tarsus, 377 

Taste organs, 3x9 

Teeth, 360, 369, 370 

Telson, 348 

Tentacles, 3x8, 337 

Tergum, 346 

Tesselated epithelium, 320 

Testa, 185 

Testis of Hydra, 334 ; of 

mussel, 34X; of crayfish, 

354 ; of frog, 380, 399, 330 
Thalamencepnalon, 303, 334 
Third ventricle, 303, 304 
Thoracic appendages, 349, 

260; ganglia, 257 
Tibial nerve, 308 
TolypeUa tntricatat 89 
Tongue, 269 
Torus, 167 
Touch organs, 3x9 
Tracheides. Z2i, 124 
Transitory layer, 170 
Transpiration, 192 
Trichocysts, 214 
Trigeminal nerve, 305 
Trilocular (.vary, 174 
Trochlear nerve, 305 
Truncus arteriosus, 281, 286 
Trypsin, 342 
Tuber cinereum, 303 
Tuberculosis, 7X 
TubuH uriiiiferi, 298 
Tympanic membrane, 267, 

309, 3x3 
Tympanum, 309 
Typhlosole, 236 
Typhoid fever, jt 
Tyrosin, 70, 344 

UiA'AR nerve, 398 

Umbo, 226 

Unicellular animals, 2x4 

Unipolar cells, 328 

Unstriped muscle fibres, 328 

Urea, 344 

Ureter— mussel, 233 ; Cray* 

fish. 256; frog, 398 
Uric acid, 361 
Urine, fermentation of, 69 
Urino-genital arteries, 285 



ZYG 

Urocardiac ossicle, 360 
Urostylc, 373, 374 
Utncle, 308 

Vaccine lymph 71 

Vacuole, 37 

Vagus nerve, 307 

Valves of the mussel, 335, 226, 

228, 339; of the heart, 285, 

286 
Vasa deferentia of crayfish, 

Vasa enerentia, 290 

Vascular bundles of Aspid'um, 
X14, xx8, 120-128, X28; of 
Lamium, 145, 163, 154, 156 

Vegetative reproduction of 
Characeae, 100; nucleus, X73 

Veins, 358 ; structure of, 290 

Vena cava, 336 

Venous system of the frog, 
281 ; blood, 386 

Venter of archegonium, X39 

Ventral canal cell, 139; ab- 
dominal artery, 256 

Ventricle of mussel, 334; of 
fro|r, 28X. 285 

Verbindungszelle, 92 

Vertebrae, 360, 273 

Vertebral column, 369, 370, 

273. 334 , 
Vertebral plate, 333 

Vestibule, 309, 3x0 
Vesuvin, 6z 
Vibriones, 60 
Viola tricolor, X74 
Viscera of the frog, 280 
Visceral mass, 231 
Viscous fermentation, 68, 69 
Vitreous humour, 3x4 
Vocal cords, 291 
Vomer bones, 373 
Vorticella, 309, 210 

Water gland, x6z, 162, X87 ; 

pores. 161 
White dead nettle, 145 ; blood 

corpuscles, 307 
Wings of the petiole ol 

Aspidium, ixs 
Wintering bulbs of Characeae, 

lOX 

Wolffian body and duct, 338 
Wolff's nutrient solu. ion, 53 
Wrist, 876 

XiPHISTBRNUM, 374 

Xylem, X3X, 154, 164 

Yeast. 27 
Yolkspheres, 330 

ZooGLiBA colonies of Bacteria, 

6x 
Zoospores of Protococcus, 47 
Zygocardiac of^sicle, 260 
Zygospores of Mucor, 77 
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ELECTRICAL ENGINEERING FOR ELECTRIC LIGHT 
ARTISANS AND STUDENTS. 

By W. Slingo, Principal of the Telegraphists* School of Science, and A. 
Brooker, Instructor on Electrical Engineering at the Telegraphists' 
School of Science. With 307 Illustrations. Crown 8vo. 640 pages. 

•3-50- 

Contents, — I. Current — Potential — Conductors — Insulators. II. Practical 
Units — Ohm's Law — Fundamental Units. III. Primar]r Batteries. IV. Meas- 
urement of Current Strength. V. Measurement of Resistance. VI. Measure- 
ment of Electro - Motive Force. VII. Electro - Magnets — Electro - Magnetic 
Induction. VIII. Dynamo-Electric Machines (Alternate Current). IX. Dyna- 
mo Electric Machines (Direct Current). X. Direct Current Dynamos — Con- 
tinued. XI. Direct Current Dynamos (Open Coil). XII. Motors and their Ap- 
plications. XIII. Transformers. XIV. Secondary Batteries. XV. Arc Lamps. 
XVI. Incandescent Lamps — Photometry. XVII. Installation Equipment, Fit- 
tings, etc. Index. 

"It is as complete as anything we have ever seen. It should meet with a 
hearty reception among electricians and students of electricity, for it is one of 
the most comprehensive works ever published. Everything that is necessary 
to a clear understanding of electric lighting and kindred subjects is found in 
this volume, and we think that every individual of the classes mentioned would 
greatlj[ further his own interests by possessing and studying this work. " — llu 
Electric Age, 

•#♦ A Prospectus more fully describing the work may be had of the Pub- 
lishers, 

TELEPHONE LINES AND THEIR PROPERTIES. 

By Prof. W. J. Hopkins, of the Drexel Institute, Philadelphia. With 
numerous Illustrations. i2mo. [March, 1893. 

The intention of the author has been to provide a book which should prove 
useful to the practical man, as well as one which would serve as a basis for a 
lecture course to students. He has therefore thought it desirable to devote 
some space to the development of correct elementary ideas of matter and 
energy so as to lead up to the most modem conception of the method of prop- 
agation of electro-magnetic disturbances. 

ELECTRICITY AND MAGNETISM. 

By Fleeming Jenkin, F.R.SS.L. and E., M.LC.E., late Professor of En- 
gineering in the University of Edinburgh. With 177 Illustrations. 
(Text-Books of Science.) i2mo. 415 pages. $1.25. 

CV?«/«i//.— Electric Quantity, Potential, Current, Resistance, Electro- Static 
Measurement, Magnetism, Magnetic Measurements, Electro-Magnetic Meas- 
urement, Units, Chemical Theory of Electro-Motive Force, Thermo-Electric- 
ity, Galvanometers, Electrometers, Galvanic Batteries, Frictional Electrical 
Machines, Electro-Magnetic Engines, Telegraphic Apparatus, Speed of Sig- 
nalling, Telegraphic Lines. Useful Applications of Electricity, Mariners' Com- 
pass, etc. , etc. Appendix on the Telephone and Microphone and 27 Tables. 
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MAGNETISM AND ELECTRICITY. A Manual for Students in 
Advanced Classes. 

By A. W. PoYSER, M.A., Trinity College, Dublin. With over 300 6gures 
in the text. i2mo. 394 pages. $1.50. 

This book is written on the same plan as the author's Elementary work, and 
it is hoped that it may prove of assistance to students who are desirous of ob- 
taining an experimentsd knowledge of the facts and laws of the science of Mag- 
netism and Electricity. 

The book has been thrown into experimental form for several reasons, of 
which two may be mentioned : (i) experimental work, apart from the actual 
knowledge gained, affords a valuable training to the mind, inasmuch as a stu- 
dent acquires the habit of making careful observations, and drawing inferences 
from facts ; and (2) scientific knowledge obtained merely from book-work, with 
a view of passing a particular examination, is almost worse than useless, and 
may indeed defeat the object at which the student is aiming. 

A series of exercises, containing many numerical problems, has been in- 
terspersed throughout the text, and forms an important feature of the book. 
The student, who is assumed by the author to have read the elements of Al- 
gebra, Geometry, and Trigonometry, is recommended by him to systematically 
work these exercises, as, in his opinion, the application of Mathematics is ab- 
solutely essential in order to obtain a thorough grasp of any subject in Physical 
Science. 

A short account of some of the practical applications of Electricity has been 
given ; and in order that the reader may form some idea of the direction of 
modem thought in the science, a chapter has been added, at the end of the 
book, on recent researches, which may prove an incentive to further study. 

MAGNETISM AND ELECTRICITY. 

By A. W. PoYSER, B.A., Trinity College, Dublin. With 235 Diagrams and 
Illustrations. i2mo. 255 pages. 80 cents. 

This volume is intended as an introduction for beginners in these subjects, 
and covers the course usually taken in a year's school work. The book is the 
result of practical experience in teaching, and it has been thrown into experi- 
mental form from a conviction that, if the student is to gain an adequate 
knowledge of the subject, it is absolutely necessary for him to acquire it by ex- 
periment. Exercises are interspersed throughout the book in addition to the 
miscellaneous examples on page 238. Numerical examples are frequently 
given, as, even in the most elementary work, the student should learn that some 
knowledge of mathematics is not only useful but essential. 

" Beyond question one of the best text-books on this important subject yet 
presented to the American public." — Education ^ Boston. 

ELECTRICITY FOR SCHOOLS AND COLLEGES. 

By W. Larden, M.A., author of **A School Course in Heat," in Use at 
Rugby, Clifton, Cheltenham, Bedford, Birmingham, King's College, 
London, and in other Schools and Colleges. With 215 Illustrations 
and a Series of Examination Papers with Answers. i2mo. 528 pages. 

$1.75- 
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ELECTRICITY TREATED EXPERIMENTALLY. For the Use 

of Schools and Students. 

By LiNNiGUS Gumming, M. A., late Scholar of Trinity College, Cambridge ; 
Assistant Master in Rugby School. With 242 Illustrations. 436 pages. 
Crown 8vo. (1.50. 

EXERCISES IN ELECTRICAL AND MAGNETIC MEAS- 
UREMENTS. 

By R. E. Day, M.A., King's College, London. i2ino. 204 pages. $1.00. 

The object of this book is to lav before the student, under the form of Prob- 
lems, Numerical Illustrations of the Main Facts of Electricity and Magnetism, 
with especial reference to the Modem Doctrine of Energetics. 

POTENTIAL, AND ITS APPLICATION TO THE EXPLA- 
NATION OF ELECTRICAL PHENOMENA. Popularly treated. 

By Dr. Tumlirz, Lecturer in the German University of Prague. Translated 
by D. Robertson, M.A., LL.B., B.Sc., formerly Assistant Master at 
University College School. With io8 Illustrations. Crown 8vo. 2S4 
pages. I1.25. 

THE ART OF ELECTRO-METALLURGY, including all Known 
Processes of Electro- Deposition. 

By G. Gore, LL.D., F.R.S. With 56 Woodcuts. (Text-Books of Sci- 
ence.) i2mo. 418 pages. $2.00. 

*^* For other books on EUctricity, etc,y see Longmans ^ Green, 6* Co.'s Cata- 
logue of Educational Works. 

OPTICAL PROJECTION : a Treatise on the Use of the Lantern in Ex- 
hibition and Scientific Demonstration. 

By Lewis Wright, author of " Light ; a Course of Experimental Optics." 
With 232 Illustrations. i2mo. 438 pages. $2.25. 

" Mr. Wright's book gives all that is, at present, at least, necessary for a 
thorough study of the optical principles upon which the construction of the 
lantern rests. . . . The book is very full of useful detail, and is eminently 
practicable. . . . Will assuredly be warmly welcomed by teachers and 
lecturers."— A^a//^», N. Y. 

" A practical guide for those who wish to gain exact knowledge about pro- 
jections, and instruments for such work. We commend its perusal to those 
interested in any line of work requiring lantern illustrations.*'— .S'/Vafer^dt/ Mes- 
senger. 
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ELEMENTARY PHYSICS. 

By Mark R. Wright, author of "Sound, Light, and Heat." With 238 
Illustrations. i2mo. 256 pages. 80 cents. 

This work will serve as a suitable text-book for any class beginning the 
study of physics. The leading facts are brought under the notice of the stu- 
dent by easy experiments that do not demand expensive apparatus. Full in- 
structions are given for the construction of the apparatus, in the text, or in the 
appendix. The author believes that in early lessons it is inadvisable to trouble 
the student either with theories or with the generalizations that prove such a 
valuable aid to the advanced student. 

BOWDOIN COLLEGB. 

" I consider it very well adapted to beginners in the science. The long list 
of experiments affords ample material from which a course of any length may 
be adapted. The whole trend of the book is in the right direction — the teaching 
of physics by experiment." — C. C. Hutchins, Brunswick, Me. 

" It should take high rank, and come into wide use among our schools." — 
Education^ Boston. 

"This book possesses considerable merit The matter contained in it is 
just about as much as would cover the course usually taken in a year's school 
work ; the explanatory text is couched in the clearest language, and the ex- 
periments described are capable of being easily brought to a successful termi- 
nation. . . . The book compares most favorably with any written for the 
purpose of imparting a rudimentary knowledge of magnetic and electrical phe- 
nomena. ' ' — Nature. 

" The treatment is simple and clear, and the experiments given are admir- 
ably chosen ; by their aid the subject is logically developed, and they are such 
as can be performed with very simple apparatus. . . . Altogether, this is 
one of the best primary books on physics that we have seen." — Critic^ New 
York. 

PRACTICAL PHYSICS. 

By R. T. Glazebrook, M.A., F.R.S., and W. N. Shaw, M.A., Demon- 
strators at the Cavendish Laboratory, Cambridge. With Woodcuts. 
(Text-Books of Science.) 

This book is intended for the Assistance of Teachers and Students in Physi- 
cal Laboratories. It contains chapters on Physical Measurements, Units of 
Measurements, Physical Arithmetic, Measurement of the more Simple Quanti- 
ties, Measurement of Mass and Determination of Specific Gravities, Mechanics 
of Solids, Liquids, and Gases, Acoustics, Thermometry, and Expansion. Cai- 
orimetry. Tension of Vapor and Hygrometry, Photometry, Mirrors and Lenses, 
Spectra, Refractive Indices and Wave-Lengths, Polarized Light, Color Vision, 
Magnetism, Electricity, Experiments in the Fundamental Properties of Electric 
Currents, Ohm's Law, Galvanometric Measurement of a Quantity of Electric- 
ity, etc., etc. 
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SOUND, LIGHT, AND HEAT. * 

By Mark R. Wright, author of ** Elementary Physics." With 162 Illus- 
trations and Diagrams. i2mo. 272 pages. 80 cents. 

This volume is an elementary text-book on Sound, Light, and Heat, treated 
experimentally. It is essential that the experiments should be performed. 
The numerical results which illustrate the text should not take the place of 
measurements made by the student. The experiments demand no expensive 
apparatus ; the aim has been to avoid elaborate instruments ; descriptions of 
the apparatus used appear in the book or in the appendix. Examples are 
given frequently throughout the work. 

HEAT. 

A Manual for Students in Advanced Classes. 

By Mark R. Wright. With numerous Illustrations and Diagrams. Crown 
8vo. [Nearly Ready.] 



PHYSICAL OPTICS. 

By R. T. Glazebrook, M.A, F.R.S., Fellow and Lecturer of Trinity 
College ; Demonstrator of Physics at the Cavendish Laboratory, Cam- 
bridge. With 183 Woodcuts of Apparatus, etc. (Text-Books of 
Science.) i2mo. 448 pages. $2.00. 

Contents. — Wave Motion, The Rectilinear Propagation of Waves, Reflection 
and Refraction, Prisms and Lenses, Interference, Colors of Thin Plates, Dif- 
fraction, Dispersion and Achromatism, Spectrum Analysis. Absorption and 
Anomalous Dispersion, Double Refraction, Refraction and Reflection of Polar- 
ized Light, Interference of Polarized Light, Circular Polarization, Electro- 
Optics, The Velocity of Light, etc., etc. 

THEORY OF HEAT. 

By J. Clerk Maxwell, M.A., etc., etc. Tenth Edition, with Corrections 
and Additions by Lord Rayleigh, Sec. R. S. (Text-Book.s of 
Science.) i2mo. 357 pages. (1.50. 

The aim of this book is to exhibit the scientific connection of the various 
steps by which our knowledge of the Phenomena of Heat has been extended. 
It treats of Thermometry, Calorimetry, Lines of Equal Temperature on the 
Indicator Diagram, Adiabatic Lines, Heat Engines, Latent Heat, Thermo- 
dynamics of Gases, Free Expansion, Determination of Heights by the Barom- 
eter, Radiation, Convection Currents, Diffusion of Heat by Conduction, 
Diffusion of Fluids, Capillarity, Elasticity and Viscosity, Molecular Theory of 
the Constitution of Bodies, etc. , etc. 

'*^ For other books on the subjects of Sound^ Light^ and Heat, see Longmans^ 
Green, <&» Co*s Educational Catalogue. 
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LESSONS IN ELEMENTARY SCIENCE. 

LONGMANS' OBJECT LESSONS. Hints on Pre. 
paring and Giving Them. With full Notes of x Com- 
plete Courses of Lessons on Elementary Science. 

By David Salmon, Principal of the Training College, Swansea ; Revised 
and Adapted to American Schools by John F. Woodhull, Professor 
of Methods of Teaching Natural Science in the New York College for 
the Training of Teachers. i2mo. 246 pages. 152 Illustrations. 
Mailing Price, $1.10. 

PART I. — HINTS ON PREPARING AND GIVING LESSONS. 

Should Science be Taught? — When should Science Teaching Begin ? — 
Subjects of Lessons — Matter of Lessons — Notes of Lessons — Illustrations — > 
Language — Questions — Telling and Eliciting — Emphasis — Summary — Re- 
capitulation. (Pp. 1-36.) 

PART II. — NOTES OF LESSONS. 

First Year. — (dt) Lessons on Common Properties, ijb) Lessons on Common 
Animals, {c) Lessons on Plants. 

Second Year. — (a) Lessons on Common Properties, {b) Lessons on Animals. 
(^) Lessons on Plants. 

Third Year, — {a) Lessons on Elementary Chemistry and Physics, {b) Les- 
sons on Animals, {c) Lessons on Flowers. 

Fourth Year. — {a) Lessons on Elementary Physics. (^) General Lessons on 
Natural History, {c) Lessons on Elementary Botany. 

Notes of a Lesson on the Cat. — Index. (Pp. 41-238.) 

" If these lessons are given at the rate of one a week, and thoroughly re- 
viewed from time to time, they will provide work for four or five years. Teach- 
ers and pupils should make laree use of cyclopedias and other sources of in- 
formation. Hence the book ofiers a course of elementary science for lower 
grades, leading up to the specific study of zoology, physiology, botany, chem- 
istry, physics, and geology, which are to be undertaken in the higher grades." 

' ' A four years' course in science is here scheduled that embraces botany, 
zodlogy, chemistry, and physics. The four subjects are studied throughout the 
course, the lessons being graded to suit the stage of intellectual development of 
the child. The plan adopted is eminently objective and inductive. . . . 
throughout the book new knowledge gained is made the stepping-stone to some- 
thing nigher, co-ordinating not only the facts of any one science but also the 
various sciences themselves. The process of comparing objects, in order to de- 
termine their similarities and differences as a basis of classification, is most ad- 
mirably developed. . . . Manuals heretofore have, as a general rule, treated 
each object as if it were isolated from all else in the material world, and as if 
the facts concerning that particular object were of prime importance. This 
book subordinates the knowledge gained of particular objects to the use of ob- 
jects as a means of exercising the powers of observation, comparison, and gen- 
eralization. " — Educational Review, N. Y. 
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THE ELEMENTS OF MECHANISM. 

By T. M. GOODEVE, M.A. With 342 Woodcuts. New Edition, Revised 
and Enlarged. Crown 8vo. 350 pages. (2.00. 

Contents. — Introductory : On the Conversion of Circular into Reciprocating 
Motion On Linkwork, On the Conversion of Reciprocating into Circular Mo- 
tion, On the Teeth of Wheels, On the Use of Wheels in Trains, Aggregate 
Motion. On the Truth of Surface, and the Power of Measurement, Miscel- 
laneous Contrivances, etc. 

PRINCIPLES OF MECHANICS. 

By T. M. GoODEVE, M.A. New Edition, Re-written and Enlaiged. With 
253 Woodcuts. Crown 8vo. 358 pages. $2.00. 

In this volume an endeavor has been made to present a comprehensive view 
ot the Science of Mechanics, to point out the necessity of continually referring 
to practice and experience, and above all to show that the relation of the theory 
of neat to mechanics should be approached by the student, in his earliest in- 
quiries, with the same careful thought with which he will regard it when his 
knowledge has become more extended. 

LESSONS IN ELEMENTARY MECHANICS. Introductory to 
the Study of Physical Science. With Numerous Exercises. 

By Sir Philip Magnus. New Edition, Re-written and Enlarged. (Thir- 
tieth thousand.) i2mo. 387 pages. Mailing price, (1.20. 

" The special feature of this book is the admirable manner in which energy 
is discussed and its operation illustrated, ... an excellent high school 
course. " — Science. 

THEORETICAL MECHANICS, INCLUDING HYDROSTAT- 
ICS AND PNEUMATICS. 

By J. E. Taylor, M.A., Hon. Inter. B.Sc, Central High Schools, Shef- 
field. With 175 Diagrams and Illustrations, and 522 Examination 
Questions and Answers. i2mo. 272 pages. 80 cents. 

" As a combination of the best methods, best illustrations, and best exam- 
ples, it is a great success." — yournal of Education. 

ELEMENTS OF MACHINE DESIGN. 

An Introduction to the Principles which determine the Arrangement and 
Proportion of the Parts of Machines, and a Collection of Rules for Ma- 
chine Designs. 

By W. Cawthorne Unwin, B.Sc., Assoc. Inst. C.E. Eleventh Edition, 
Revised and Enlarged. 

Part I. General Principles, Fastenings, and Transmissive Machinery. 
With 304 Diagrams and Illustrations. Crown 8vo. 476 pages. f2.oo. 

Part II. Chiefly Engine Details. 305 pages. $1.50. 
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LESSONS IN ELEMENTARY MECHANICS. 

By W. H. Grieve, P.S.A., late Engineer R.N., Science Demonstrator for 
the London School Board, etc. 

Part I. Matter in three states : solids, liquids, gases. Mechanical proper- 
ties peculiar to each state. Matter is porous, compressible, elastic. 
Measurement as practised by mechanics. Measures of length, time, 
velocity, and space. With 165 Illustrations and a large number of Ex- 
amples. i2mo. 50 cents. 

Part 2. Matter in motion. The weight of a body, its inertia and momen- 
tum. Measures of force, work, and energy. Energy may be trans- 
formed, but cannot be destroyed. Heat as a form of energy. With 122 
Illustrations. i2mo. 50 cents. 

Part 3. The simple mechanical powers, viz.: (i) the lever ; (2) the wheel 
and axle ; (3) pulleys ; (4) the inclined plane ; (5) the wedge ; (6) the 
screw. Liquid pressure 5 the hydrostatic press ; liquids under the action 
of gravity. The parallelogram of forces ; the parallelogram of veloci- 
ties ; examples commonly met with illustrating the mechanical powers. 
With 103 Illustrations. i2mo. 50 cents. 

ELEMENTARY SCIENCE LESSONS. Being a Systematic Course 

of Practical Object Lessons. Illustrated by Simple Experiments. 
By W. Hewitt, B.Sc. Parts I., II., III., and IV. Each, 50 cents. 

AN INTRODUCTION TO MACHINE-DRAWING AND DE- 
SIGN. 

By David Allan Low (Whitworth Scholar), Principal of the Technical 
School, People's Palace, London. With 65 Illustrations and Dia- 
grams. Crown 8vo. 60 cents. 

In producing this work the author has aimed at placing before young stu- 
dents and others, who wish to acquire the skill and knowledge necessary for 
making the simpler working drawings, such as are produced in engineers' draw- 
ing offices, a number of good exercises in drawing, sufficient for one session's 
work, and at the same time a corresponding amount of information on the de- 
sign of machine details generally. 

EXERCISES IN WOOD WORKING for Handicraft Classes in Ele- 
mentary and Technical Schools. 

By William Cawthorne Unwin, F.R.S., Member Inst. C.E. 28 Plates. 
Fcp. folio. Incase. $1.50. 

*f^ For other books on elementary science, see Longmans, Green, &* Co.'s Cata- 
logue of Educational Works. 
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BUILDING CONSTRUCTION. A Manual for Students. 
By the Author of "Notes on Building Construction." Crown 8vo. ^Vith 
nearly 400 Illustrations and Index. 1(1.50. 

" To students who have advanced beyond the elementary staee it supplies a 
wide range of information in the form of succinct notes, with illustrations of 
nearly everything that can be illustrated to any real purpose."— A rcAtf^cfma/ 
Record, 

BUILDING CONSTRUCTION. 

By Edward J. Burr£Ll, Teacher of Building Construction at the Tech- 
nical School of the People's Palace, Mile End. Fully Illustrated, with 
303 Working Drawings. i2mo. 256 pages. 80 cents. 

The chief aim of the writer of this book has been to place before the student 
numerous examples of constructive details, which shall not only serve as illustra- 
tions to the text, but shall also afford the data necessary for making scale draw- 
ings of the various parts. With this end in view the diagrams have been care- 
fully dimensioned. 

ON THE STRENGTH OF MATERIALS AND STRUCT- 
URES ; the Strength of Materials, as depending on their quality and 
as ascertained by Testing Apparatus ; the Strength of Structures, as 
depending on their form and arrangement, and on the materials of 
which they are composed. 

By Sir John Anderson, C.E., LL.D., F.R.S.E.- Ninth Edition, with 
66 figures. (Text-Books of Science.) i2mo. 322 pages, tr.25. 

THE THEORY OP STRESSES IN GIRDERS AND SIMILAR 
STRUCTURES. With Practical Observations on the Strength and 
other Properties of Materials. 

By BiNDON B. Stoney, LL.D., F.R.S., M.I.C.E. With 5 Plates and 143 
Illustrations in the Text. Royal 8vo. 786 pages. 1I12.50. 

THERMODYNAMICS. 

By Richard Wormell, D.Sc, M. A. Second Edition. i2mo. 180 pages 
50 cents. 

" The present text-book is an attempt to do for Thermodynamics what has 
long since been done for Elementary Dynamics. The work aims at tracing, in 
a systematic manner, the reasoning by which the Dynamical Theory of Heat, 
and its chief consequences, are established. Each chapter opens with a brief 
description of some experiments required either to supply the fund of observa- 
tions on which the laws and theory are founded, or to show how certain con- 
stant quantities used in the calculations have been determined by careful and 
trustworthy physicists. Then follows, first, a discussion or examination of the 
experiments ; secondly, the definitions of the scientific terms required for the 
expression of the general laws to which they conduct us ; next, we have the 
formal enunciation of these laws ; and finally the strictly logical or mathemati- 
cal consequences which can be deducted from them.'* — From Preface, 
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STEAM. 

By W. Ripper, M.I.M.E. Principal of the Technical Schools, Sheffield. 
With 142 Illustrations. i2mo. 210 pages. 80 cents. 

" A work of great utility to students of engineering, and especially of steam 
power and its application." — Engineer. 

" Many civil engineers whose practice is not directly connected with steam 
engineering feel the need of just such a book, and we know of none which we 
could recommend to them with more confidence for such a purpose." 

— Engineering' News. 

THE STEAM ENGINE. 

By George C. V. Holmes, Whitworth Scholar ; Secretary of the Institu- 
tion of Naval Architects. With 212 Woodcuts. (Text-Books of 
Science.) i2mo. 544 pages. $2.00. 

HYDROSTATICS AND PNEUMATICS. 

By Sir Philip Magnus. 79 Diagrams. i2mo. 182 pages. 50 cents. 
With Answers. 65 cents. 

GRAPHICS; OR, THE ART OF CALCULATION BY 
DRAWING LINES, applied especially to Mechanical Engineering. 

By Robert H. Smith, Professor of Engineering, Mason College, Birming- 
ham, etc. Part L Arithmetic, Algebra, Trigonometry, Moments* 
Vector Addition, Locor Addition, Machine Kinematics, and Statics of 
Flat and Solid Structures. With Separate Atlas of 29 Plates, contain- 
ing 97 Diagrams. 8vo. 282 pages. Price (Text and Atlas), $5.00. 

THE STEPPING-STONE TO ARCHITECTURE: Explaining 
in simple language the Principles and Progress of Architecture from the 
earliest times. 

By Thomas Mitchell. Illustrated by engravings (49 figures and 22 
plates). i8mo. 50 cents. 

A GRADUATED COURSE OP SIMPLE MANUAL TRAIN- 
ING EXERCISES FOR EDUCATING THE HAND AND 
EYE. 

By W. Hewitt, B.Sc, Science Demonstrator for the Liverpool School 
Board. Part I. First and Second Series. With four colored Plates 
and numerous Diagrams. Crown 8vo. 80 cents. 
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GEOMETRICAL DRAWING FOR ART STU- 
DENTS. Embracing Plane Geometry and its Ap- 
plication, the Use oif Scales, and the Plans and Eleva- 
tions of Solids. With nearly 600 Figures. 

By I. Hammond Morris. Crown 8vo. 192 pages. 60 cents. 

This book contains the first sixteen chapters of the author's " Practical Plane 
and Solid Geometry/* with Examination paper added. 

*J*For other books on Geometry, Trigonometry, Calculus, etc. , see Longmans, 
Green, 6* Co.''s Catalogue of Educational Works, 

A HANDBOOK OF CRYPTOGAMIC BOTANY. 

By A. W. Bennett, M.A., RSc, F.L.S., Lecturer on Botany at St. 
Thomas's Hospital, and George R. Milne Murray, F.L.S., Nat- 
ural History Department, British Museum. With 378 Illustrations. 
8vo. 481 pages. 1I5.00. 

No general handbook of Cryptogamic Botany has appeared in the English 
language since Berkeley's, published in 1857. The present volume gives de- 
scriptions of all the classes and more important orders of Cryptogams, includ- 
ing all the most recent discoveries and observations. 

ELEMENTARY TEXT-BOOK OF BOTANY. For 

the use of Schools. 

By Edith Aitken, late Scholar of Girton College, and Certificated Student 
in First Class Honors of the University of Cambridge. With 131 Illus- 
trations and Index. i2mo. 262 pages, f 1.50. 

" A good teacher with a small class of bright and willing students would find 
not only profit but much pleasure in pursuing Miss Aitken's System. . ." 
— The Nation, N. Y. 

" Clear, methodical, and thoroughly practical" — Epoch, 

ELEMENTARY BOTANY, THEORETICAL AND 
PRACTICAL. 

By Henry Edmonds, B.Sc. London. New and Revised Edition. With 
319 Diagrams and Woodcuts. i2mo. 220 pages. 80 cents. 

This book contains chapters on Structure of the Seed, Cell Structure, Cell 
Growth, Shape and Formation, Germination, Root Growth, Structure and 
Functions, Stem Structure and Functions, Buds and Ramification, Leaf Struct- 
ure and Functions, Bracts and Inflorescence, Flower Structure and Functions, 
Fruit and Seed, Movement of Water in the Plant Tissues, Influence of Heat 
and Light upon Growth, Irritability of Plants, Classification, etc., etc. A Model 
for describing a Plant, a Series of Questions for Examination, and an Index and 
Glossary are also given. 
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LONGMANS, GREEN, ^ CO.' S PUBLICATIONS. 

PRACTICAL ELEMENTARY BIOLOGY. 

By John Bidgood, B.Sc, F.L.S. With 226 Illustrations and full Index. 
i2mo. 362 pages. $1.50. 

" The types described in the following pages have been selected as fairly 
representing, in so far as they can be represented in a book of this size, the 
vegetable and animal worlds. It is possible that a better selection might be 
made, but not one, I think, of which the examples can be more conveniently 
procured, cultivated, and examined, while retaining their capability of teaching 
so much. . . . Many of the illustrations are new and have been drawn for 
this book." — Author s Preface. 

A TEXT-BOOK OF ELEMENTARY BIOLOGY. 

By R. J. Harvey Gibson, M.A., F.R.S.E. Demonstrator of Biology in 
University College, Liverpool. Illustrated with 192 Engravings. Crown 
8vo. 372 pages. $1.75. 

In this book the author has kept prominently in the foreground the depend- 
ence of Biology on Chemistry and Physics, and the relationship of Morphologi- 
cal and Physiological Details to General Principles. Great prominence has 
been given to the Botanical Aspect of Biology. It contains chapters on Matter 
and Energy, Protoplasm, Individual and Tribal Life — Distribution and Classi- 
fication, The Morphology and Physiology of the Simplest Living Organisms — 
Protista, Unicellular Plants — Protophyta, Unicellular Animals— Protozoa, 
Metaphyta — Non-Vascularia, Metaphyta — Vascularia, Metazoa — Invertebrata, 
Metazoa— Vertebrata, History of Biology, etc. 

*^ For other books on Botany^ Biology^ etc., see Longmans, Green, «2r» Go's 
Catalogue of Educational Works, 

ELEMENTARY PHYSIOGRAPHY. An Introduc- 
tion to the Study of Nature. 

By John Thornton, M. A. With 10 Maps and 161 Illustrations. Crown 
8vo. 256 pages. 80 cents. 

This volume is intended to serve as an introduction to Science. It supplies 
such a knowledge of the facts and laws of Nature as is implied in the expres- 
sive term Physische Erdkunde — an acquaintance with the physical phenomena 
of the Earth. It contains chapters on Matter and its Properties, Gravitation 
and Specific Gravity, Cohesion and Chemical Affinity, Work and Energy, 
Chemical Action ; Rocks, their Composition, Classification, and Arrangement ; 
Interior of the Earth, Volcanoes, etc. ; the Sea, the Polar Regions, and Ice of 
the Sea ; the Atmosphere, Evaporation and Condensation, Dews, Mist, Fog, 
Rain, and Snow ; the Sculpture of the Land, Weather, and Climate. Changes 
in the Earth's Surface ; Magnetism and Electricity of the Earth, Shape and 
Movements of the Earth, etc. 

The third Edition contains a short account of recent researches on Dew, 
and gives a simple explanation of Telescopes. 

ST. PAUL'S SCHOOL. 

" I have been using Thornton's Elementary Physiograpliy for two years 
with my classes beginning the study of science. I find it a most admirable 
book and can certainly recommend it from a personal knowledge of it. I 
shall continue its use." — Dr. J. Milnor Coit, Concord, N. H. 
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